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PREFACE

The longstanding trends in warfare - greater non-linearity,
digpersion, and weapon lethality - beg the question of whether a
dramatic change in military doctrine and organization is necessary. One
possibility worthy of consideration is a doctrine based on swarming and
other nonlinear, dispersed tactics.

Very little historical research has been conducted on the use of
swarming. This work seeks to address this deficiency by analyzing
twenty three case studies of past swarming in order to derive a
framework for understanding swarm outcomes. The conclusions of this
historical analysis are then applied to a discussion of future swarming
by both friendly and enemy forces.

This dissertation should be of interest to both military
historians and analysts in the defense community concerned with
understanding the potential of swarming for future rapid reaction forces
and enemy ground forces. The results of the study highlight the
limitations and constraints of swarming for both future friendly forces
and for current insurgent swarms today {(indeed, while this work is
primarily theoretical and broad-based, it might be considered sensitive
material in so far as it could be put to use by our enemies). The
methods used to arrive at those results highlight how qualitative
techniques can be used across many complex historical case studies.

This research was supported by RAND’s Arroyo Center, a federally
funded research and development center (FFRDC) sponsored by the United
Stated Army; the International Security and Defense Policy Center of
RAND's National Defense Research Institute, a FFRDC sponsored by the
Office of the Secretary of Defense, the Joint Staff, the Unified
commands, and the defense agencies; the Strategy and Doctrine Program in
RAND’s Project AIR FORCE, a FFRDC sponsored by the United States Air
Force; and finally, the Department of the Army, Deputy Chief of Staff,
G-2.

Readers interested in this topic should also see Swarming and the
Future of Conflict (RAND, 2000) by John Arquilla and David Ronfeldt.
They believe swarming may eventually apply across the entire spectrum of
conflict—from low to high intensity, and from civic-oriented actions to
military combat operations on land, at sea, and in the air.

Comments are invited. I can be reached at via email at

fredwsaengic.army.mil.
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ABSTRACT

Whenever military operations are non-linear, dispersed, and
decentralized, swarming is an effective tactic. Today insurgents are
employing swarming as a form of asymmetric warfare against superior
conventional armies from the mountains of Afghanistan to the cities of
Iragq. In the future, friendly forces may employ swarming tactics
themselves if several technological promises are fulfilled. Whether we
want to defeat enemy swarms or emulate them, our defense planners need
to understand how military swarming works. In this dissertation the
author uses case studies, comparative analysis, and common sense to
derive a simple theory that explains the phenomenology of swarming.

Swarming occurs when several units conduct a convergent attack on a
target from multiple axes. Attacks can be either long range fires or
close range fire and hit-and-run attacks. Swarming can be pre-planned
or opportunistic. Swarming usually involves pulsing where units
converge rapidly on a target, attack and then re-disperse.

The author researches 23 case studies of swarming, ranging from
Scythian horse archers in the 4™ century BC to Iragi and Syrian
paramilitaries in Baghdad in 2003 in order to understand swarm tactics
and formations, the importance of pulsing, and the general
characteristics of past swarms. He considers command and control,
communications, home field advantage, surprise, fratricide, and
training. He also divides past swarming into two general groups: 1)
“cloud swarms,” where units arrive on a battlefield as a single mass,
then disassemble and conduct a convergent attack upon the enemy from
many directions and 2) “vapor swarms”, where the units are initially
dispersed across the area of operations, then converge on the
battlefield and attack without ever forming a single mass.

Five primary variables most important to successful swarming are
identified: (1) superior situational awareness, (2) elusiveness, (3)
standoff capability, (4) encirclement, and (5) simultaneity. The author
presents an influence diagram to visually summarize the relationships
between these variables and hypothesizes a simple theory of how they
interact. Treating the five variables as binary - either they are
absent or present in a case - he derives 32 possible combinations of
these variables that together comprise a “model” that predicts swarming
outcomes based on his theory. He predicts that only six combinations
lead to swarm success. The model is tested using a qualitative
technique called the comparative method (by Charles Ragin) to find

xvii




patterns of multiple and conjunctural causation. The resulting
inconsistencies turn out to be few.

In the final two chapters the author addresses the two policy
gquestions:

1. How can swarms be defeated?
2. Is swarming relevant for future friendly forces?

The first question required a relatively straightforward answer
based on his theory of swarming and the historical lessons of past swarm
defeats. In order to defeat swarms he suggests:

e Undermining their “enablers”

e Adopting a combined arms 360° formation capable of fighting on
the run.

¢ Using maneuver to deny vapor swarms the time they require to
converge towards a target.

e Using “bait” tactics.

The second question - Is swarming relevant for future friendly
forces? - called for a much more speculative answer, based as it must be
on the uncertainty of both the future operating environment and
technological change. This question required an analysis of some of the
broad trends in warfare and the introduction of what the author refers
to as non-linear, dispersed operations (NLDOs), military operations in
which units move and fight in multiple directions (i.e., are non-
linear), are widely separated (i.e., are dispersed), and are capable of
supporting each other by concentrating mass or fires (i.e., are
dynamic). Indeed, the author suggests that vapor swarming is just one
form of NLDO and that the more important question to ask is: how
relevant are NLDOs to future friendly forces?

To answer this question he compares offensive NLDOs to defensive
NLDOs and recommends that the principles of war should be reinterpreted
for NLDOs (Disperse/Mass should replace Mass, Economy of Force should be
replaced by Simultaneity, and Unity of Command should change to Unity of
Effort). Finally, the author finishes his discussion of future friendly
swarming with a general consideration of fires, command and control,
communications, training, intelligence, surveillance, and

reconnaissance, logistics, terrain, and reserves.
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1. INTRODUCTION

The future of war is fraught with uncertainty. Among the few
points that experts agree on is that the future battlefield will be
relatively empty as military operations become more dispersed. This is
due to the increasing lethality of weapons, in particular precision
guided munitions (PGMs), which render concentrations of mass on the
battlefield wvulnerable. Long-range fires can now be delivered by a
variety of means because of recent improvements in command and control
and in sensor technologies. Even direct fire is now much more lethal.l
Warfare is becoming a hide-and-seek struggle where units must remain
elusive in order to survive.2

Given this kind of environment, much of the current discussion
about future warfare focuses on dispersed yet integrated operations,
nonlinear tactics, networking, small autonomous units operating
independently, and a greater reliance on aerospace firepower.3 One
important part of this doctrinal discussion relates to the feasibility
and utility of such small, highly mobile ground elements conducting
swarming operations.

What exactly is swarming? According to its dictionary meaning

swarming is “to beset or surround in a swarm.”? The noun swarm is “a

1 In the Second World War, an average of 18 rounds was needed to
kill a tank at a range of 800 yards. During the 1973 Arab-Israeli War,
the average was 2 rounds at 1,200 yards, and by Desert Storm one round
at 2,400 yards. See Robert H. Scales, Future Warfare Anthology,
Carlisle, PA: Strategic Studies Institute, 1999, p. 6.

2 See Steven Metz, Armed Conflict in the 21st Century: The
Information Revolution and Post-Modern Warfare, Carlisle, PA: Strategic
Studies Institute, April 2000, p. 81.

3 Joint Vision 2020, a doctrinal statement of the Chairman of the
Joint Chiefs of Staff, says that "Joint force headquarters will be
dispersed and survivable and capable of coordinating dispersed units and
operations. Subordinate headquarters will be small, agile, mobile,
dispersed, and networked." See Department of Defense, Joint Vision
2020, Washington, DC: Joint Staff, June 2000, p. 32.

4 Merriam-Webster’s Collegiate Dictionary, Tenth Edition,
Springfield, MA, 1998. Under this broad definition, flocking and
herding could be viewed as swarming behavior.



large number of things massed together and usually in motion” or “an
aggregation of free-floating or free-swimming unicellular organisms.”
Applying this general dynamic to the battlefield, this study employs a
definition based on military case studies: Swarming occurs when several
units conduct a convergent attack on a target from multiple axes.
Attacks can be either long range or short range. Swarming can be pre-
planned or opportunistic. It usually involves “pulsing” where units
converge rapidly on a target, attack and then re-disperse.

Swarming has occurred throughout military history, from the
sweeping campaigns of horse archer armies on the Eurasian steppe to more
modern battles fought between light infantry insurgents and conventional
opponents. It has been employed at the tactical and operational levels,
both defensively and offensively, by conventional and unconventional
forces, and on land, sea and air. Most recently, swarms have operated
in urban conflicts in Grozny (Chechnya), Mogadishu (Somalia), Baghdad
(Iraq), and Fallujah (Irag). Many foreign ground forces and terrorist
organizations are beginning to use asymmetric tactics, including
swarming, to counter the superiority of US conventional forces.

Swarming is not just a military phenomenon. Swarming exists across
a spectrum of environments - from the military, to the social, to the
biological (see table x). For example, bees, wolves, and ants conduct
swarming.5 It is no surprise therefore that men facing swarms in battle
tend to draw analogies to nature. Both the Crusaders in the 11" century
and American soldiers in the 21" century referred to enemy swarms as
“bees” or “flies” that could be beaten off but not driven away.6 The
Russians thought the Chechens attacked them like “fleas on a dog” and

“wasps on a ripe pear.”

5 Often, these are complex adaptive systems - agent-based systems
where the agents themselves follow simple behavioral rules that in the
aggregate, and in the system as a whole, produce complex “emergent”
behavior. For example, ant systems find the most efficient route to a
food source and essentially solve the mathematical “traveling salesman”
algorithm. See Eric Bonabeau et al., Swarm Intelligence: From Natural
to Artificial Systems, Oxford: Oxford University Press, 1999.

6 R.C. 8Smail, Crusading Warfare 1097-1193, Cambridge: Cambridge
University Press, 1956, p. 78; Adam Lusher, “The 10-Hour Battle,” London
Sunday Telegraph, April 13, 2003.




Table 1-1 - General Categories of Swarming

Type of Swarming Examples
Social Smart mobs’
Biological Bees, wolves
Police/Fire Response to bank robberies and fires
Departments
Robotic Clouds and swarms of UAVs, UGVs, UUVs
‘o Horse archers, U-Boat “Wolfpacks,” Spitfires
Military

defending Britain

This dissertation focuses on military swarms involving human beings
(as opposed to robotic swarms). Its goal is to produce a general theory
of military swarming that will help inform policy analysis and serve as
a guide for action for future commanders. At the very least, this
research will help us identify the vulnerabilities of enemy ground

forces that use swarming tactics against friendly forces.

PREVIOUS RESEARCH INTO SWARMING

The Department of Defense has been interested in swarming for
several years. In 1997, scenarios involving swarms were used in some

high level war games at the Army War College.8 Two years later the

7 Smart mobs are cellular phone-connected groups of individuals
that converge and, figuratively speaking, “attack” a target. For
example, when Prince William goes to a restaurant in the United Kingdom,
a young woman or fan who sees him will call her friends. Those friends
will then call other friends and very quickly several hundred people
will swarm the restaurant. Paparazzi follow a similar procedure.
Another example is Critical Mass, a bicycle activist group based in a
San Francisco that exhibits flocking and swarming behavior when
protesting.

8 The Office of the Secretary of Defense (0SD) and US Army Deputy
Chief of Staff for Operations and Plans (DCSOPS) conducted wargames that
explored a swarming operational concept at the Dominating Maneuver Game
VI, US Army War College, Carlisle Barracks, PA, from June 30 - July 2,
1997. Their view of swarming is that maneuver forces allow enemy forces
to advance relatively unaware until they are attacked from all
directions simultaneously. The swarm concept is built on the principles
of complexity theory and it assumes that blue units have to operate
autonomously and adaptively according to the overall mission statement.
The concept relies on a highly complex, Al-assisted, theater-wide C4ISR
architecture to coordinate fire support, information and logistics.
Swarm tactical maneuver units use precise, organic fire, information
operations, and indirect strikes to cause enemy loss of cohesion and




Marine Corps developed a new operational concept called “Urban Swarm” as
part of their Urban Warrior program.9 This research and experimentation
into urban technologies and tactics continued as part of Project
Metropolis in 2000. Indeed, a red force using “Chechen Swarm” tactics
clashed with platoon-sized Marine teams at an experiment at Ft. Ord, CA
in 2000.10 Finally, in January 2003, the Assistant Secretary of Defense
(Command, Control, Communications, and Intelligence) sponsored a
conference to examine swarming for its potential as an operational
concept for future ground forces and for unmanned intelligence,
surveillance, and reconnaissance (ISR) swarms. 1l

RAND researchers have been working on swarming-related topics for
over ten years. In 1993, John Arquilla and David Ronfeldt began

publishing a series of monographs on how the information revolution

destruction. Swarming blue units operate among red units, striking
exposed flanks and critical command and control (C2), combat support
(CS) and combat service support (CSS) nodes in such a way as to
constantly cause the enemy to “turn” to multiple new threats emerging
from constantly changing axes. Massing of fire occurs more often than
massing of forces.

9 The Marines like to say that their urban swarm operational
concept is similar to police tactics in emergency situations. Marine
swarming called for multiple squad-sized fire teams patrolling assigned
areas, responding to crises and calling for backup from other fire teams
when necessary. See George Seffers, “Marines Develop Concepts for Urban
Battle Techniques,” Defense News, January 12-18, 1998.

10 The Marines who played the part of the red force (the opposing
forces) tried to mimic the Chechen swarm tactics used against Russian T-
72 tanks in Grozny in 1994-1996. See Gidget Fuentes, “Return to the
Urban Jungle,” Marine Corps Times, March 20, 2000.

11 U.S. Army, Air Force, and Navy transformation efforts are
beginning to look at the potential roles for swarms of unmanned aerial
vehicles (UAVs) and unmanned underwater vehicles (UUVs) on the
battlefield. The Army‘s future unit of action (UA), the Air Force'’s
Global Strike Force, and the Navy After Next will employ swarms of
intelligent unmanned air, underwater, or ground vehicles. Persistent
ISR swarms will sense, recognize, and adapt to the changing situation.
The sensor networks will be self-aware, self-healing, and self-
defending. See the Army Objective Force Operational and Organizational
Plan, the Air Force Air and Space Expeditionary Forces Concept of
Operations, the Navy Unmanned Undersea Vehicle (UUV) Master Plan, the
theoretical Reconnaissance, Surveillance, and Target Acquisition (RSTA)
Cloud Concept developed by the Marine Corps Concept Development Command
(MCCDC), and the Conference Proceedings for Swarming and Network Enabled
Command, Control, Communications, Computers, Intelligence, Surveillance,
and Reconnaissance (C4ISR), held in McLean, VA, January 13-14, 2003.




favored the rise of network organizations. They foresaw a new mode of
conflict they called Netwar in which social, military, and terrorist
networks would swarm as their primary tactic. In Athena’s Camp:
Preparing for Conflict in the Information Age, they concluded that the
US Army’'s current “AirLand Battle” doctrine needed to evolve to a new
doctrine they called “BattleSwarm.”12

In 2000, RAND published Swarming on the Battlefield: Past, Present,
and Future and Swarming and the Future of Conflict.l3 The former study
analyzed ten historical cases of swarming that occurred from 329 BC to
1993 and identified several key factors that correlated with swarm
guccess. The latter study takes thé concept of a “Battleswarm” doctrine
one step further and calls for an organizational redesign of ground
forces to pods and clusters. The authors offer this definition:
“Swarming is seemingly amorphous, but it is a deliberately structured,
coordinated, strategic way to strike from all directions, by means of a
sustainable pulsing of force and/or fire, close-in as well as from
stand-off positions.”14

This background research serves as a point of departure for this

dissertation.

RELEVANCE OF SWARMING FOR POLICY ANALYSIS

This study will argue that an understanding of both the use of and

defense against swarming is critical to effective defense and policy

12 See John Arquilla and David Ronfeldt, In Athena’s Camp:
Preparing for Conflict in the Information Age, Santa Monica, CA: RAND,
MR-880-0SD/RC, 1997. The rise of network organizations is discussed in
John Arquilla and David Ronfeldt, The Advent of Netwar, Santa Monica,
CA: RAND, MR-789-08SD, 1996 and “Cyberwar is Coming!” Comparative
Strategy, Vol. 12, No. 2, Summer 1993.

13 John Arquilla and David Ronfeldt, Swarming and the Future of
Conflict, Santa Monica, CA: RAND, AB-372-0SD, 2000 and Sean J.A.
Edwards, Swarming on the Battlefield: Past, Present, and Future, Santa
Monica, CA: RAND, MR-1100-08D, 2000. Swarming on the Battlefield
suggested that swarming works when an army possesses the ability to
elude its opponents, a standoff capability, and superior situational
awareness.

14 Arquilla and Ronfeldt, Swarming and the Future of Conflict, p.
vii.




analysis. There are two reasons for this: 1) our enemies are using
swarming tactics against us now and 2) swarming will be a relevant
tactic for our future light and medium forces that are deployed in
certain types of missions. This raises two major policy questions:

. How do current US forces defeat enemy swarms?

° Are swarming and other non-linear dispersed (NLD) tactics

relevant for future US light and medium forces?

Defeating Enemy Swarms

Our enemies are increasingly using swarm tactics. In several
recent cases, foreign ground forces have used swarming as a form of
asymmetric warfare when defending against superior conventional forces.
Somali militiamen swarmed US commandos in Mogadishu in 1993 (a battle
made famous by Mark Bowden’s book Blackhawk Down); Chechen insurgents
used swarming tactics in the Battles for Grozny (1994-96, 1999); al
Qaeda and Taliban guerrillas used swarming tactics during Operation
Anaconda in the Shah-i-Kot valley in 2002; Iragi and Syrian irregulars
used swarming tactics against the US 3rd Infantry Division guarding
lines of supply during the battle for Baghdad in April 2003; and
finally, during Operation Iragi Freedom II in April 2004, Iraqgi
insurgents employed swarming tactics as part of their guerrilla defense
of Fallujah.15 Indeed, the Mogadishu example has become a rallying cry
for US adversaries around the world who hope to emulate the Somali
success. Before Coalition forces arrived at Baghdad in 2003, Saddam
Hussein ordered many of his army commanders to read Mark Bowden’s

Blackhawk Down.

15 On April 14, 2004 a Marine amphibious assault vehicle carrying
supplies came under RPG fire, made a wrong turn into unsecured Fallujah
area controlled by insurgents and was ambushed. The vehicle caught fire
and the 17 man crew sought refuge in a nearby home. Within minutes at
least 100 insurgents converged from all directions towards the firefight
and plume of smoke, firing RPGs and small arms. A rescue force of 4
tanks, 6 Humvees, and a dismounted platoon with air support fought their
way through enemy held terrain, moving with a 360 degree defense, and
rescued the encircled crew.




Enemy swarms are not just limited to insurgencies. Iranian
planning for the defense of the Strait of Hormuz against US naval forces
includes the use of small boat swarming; a terrorist group called the
Black Sea Tigers has employed a swarxrm of stealthy, high-speed power-
boats in suicide attacks to destroy Sri Lankan ships in littoral
waterways.

The goal of this dissertation - the formulation of a theory of
swarming - will help defense and policy analysts understand the
vulnerabilities of enemy swarms such as these. Armed with this theory,

friendly forces can develop more effective countermeasures to swarming.

The Relevance of Swarming for the Future Friendly Forces

Land forces continue to disperse on the battlefield in response to
the increasing lethality of weapons, especially the threat from aircraft

and long-range missiles.1® It also seems likely that future dispersed
units will have to maneuver and fight in a non-linear environment. For
example, Training and Doctrine Command (TRADOC) research program
concluded that future forces will likely include a greater dispersion of

units, lighter weight vehicles, air-mechanized forces, and a more
network-based organization.l? Future medium weight force concepts, such

as those developed by SARDA, 18 envision agile ground vehicles
maneuvering throughout the battlespace to disrupt and attrit the enemy,

conduct ambushes, and move to new engagement opportunities.19 Finally,
the Office of Force Transformation in the Office of the Secretary of
Defense (0OSD) is leading an effort towards a new American way of war

16 For example, the effectiveness of air delivered sensor-fused
weapons such as CBU-97 are diminished when enemy wvehicles do not mass on
roads but instead disperse off road, thereby lowering the density of
available targets within the CBU-97's 400 meter footprint.

17 The research program investigated an Army concept called Army
After Next (AAN). The Marine Corps After Next Branch of the Marine
Corps Warfighting Lab (MCWL) also believes that future forces will be
dispersed, autonomous, adaptable and small.

18 The former Office of the Assistant Secretary of the Army for
Research, Development, and Acquisition (SARDA) is now called the Office
of the Assistant Secretary of the Army for Acquisition, Logistics, and
Technology (ASAALT).

19 See John Matsumura et al., Lightning Over Water: Sharpening
America’s Light Forces for Rapid-Reaction Missions, MR-1196, 2000, p.
179.




that involves highly networked forces conducting “network centric
operations” on a dispersed and noncontiguous battlefield.

Indeed, non-linear, dispersed operations (NLDOs) are already
occurring in real world operations. In Operations Enduring Freedom
(2001) and Iraqi Freedom (2003) our adversaries quickly dispersed into
mountainous or urban terrain after a short conventional fight. This
dispersion naturally resulted from their adoption of guerrilla warfare,
an asymmetric response to our conventional superiority and establishment
of air superiority.

If our adversaries continue to give up control of the airspace and

disperse their ground forces, US joint forces will need new operational

concepts20 that counter these elusive tactics and operate under non-
linear, dispersed conditions. This dissertation will argue that
swarming - a form of non-linear, dispersed operations - is an

appropriate tactic in many cases.

Future Rapidly Deployable Ground Forces

The US Army is already beginning to transform itself into a rapidly
deployable force capable of operating in these kinds of environments.
Today the Army is mostly comprised of a “barbell” force structure -
either light or heavy units with very little in between.?l Current
light forces can be rapidly deployed by air but they cannot defeat enemy
armor threats on their own. Heavy forces take several weeks to deploy
by sealift and usually require the support of large-scale rail and heavy

equipment transporters (HETs) once in theater.22 What is needed is a

20 Operational concepts explain how operational art is to be
conducted. According to official doctrine, operational art is “The
employment of military forces to attain strategic and/or operational
objectives through the design, organization, integration, and conduct of
strategies, campaigns, major operations, and battles. Operational art
translates the joint force commander’s strategy into operational design,
and, ultimately, tactical action, by integrating the key activities at
all levels of war.” See Chairman of the Joint Chiefs of Staff,
Department of Defense Dictionary of Military and Associated Terms, JP 1-
02, March 23, 1994, p. 323.

21 See John Gordon IV and Peter Wilson, The Case for Army XXI
"Medium Weight” Aero-Motorized Divisions: A Pathway to the Army of 2020,
Carlisle, PA: Strategic Studies Institute, 1998.

22 The biggest transport aircraft (C-5 or C-17) can carry only one
Abrams tank at a time, so it would take a long time to deploy a heavy
unit this way given that the entire US C-5 fleet consists of a little
over 100 aircraft. See Gordon and Wilson, Case for Army XXI, p. 7. By




medium force that is light enough to be airlifted yet heavy enough to

stop enemy armor .23
To respond to this problem, the Army has begun to transform itself
into a more deployable force by introducing medium weight forces.24

The Army has already completed the conversion of two brigades to Strxyker

brigade combat teams (SBCTs) at Ft. Lewis.25 These are motorized

infantry units composed of 20-ton vehicles equipped with armor incapable

contrast, C-130, C-17, C-141 and C-5 aircraft can all airlift medium
weight vehicles.

23 Army transformation plans have assumed that Army units should
rely on airlift for rapid transoceanic deployment. Recent research by
the RAND Corporation however shows that sealift will remain the
predominant means of strategic lift for the foreseeable future. The
size of the air fleet, the capacity of airports in conflict areas, the
competing demands for airlift from other services will constrain the
amount of airlift available to the Army. See Alan Vick, et al., The
Stryker Brigade Combat Team: Rethinking Strategic Responsiveness and
Assessing Deployment Options, Santa Monica, CA: RAND, 2002. Maritime
prepositioning of equipment at strategic locations around the world and
the use of high-speed sealift may be a better option. 1In the future a
faster sealift option may become available. The US Navy is purchasing
T-AKR 310 class Strategic Sealift Ships that will be capable of carrying
13,000 tons with 395,000 square feet of available cargo area at a
designed maximum cruise speed of 24 knots. They will also have roll-
on/roll-off (RO-RO) capability.

24 It is outside the scope of this dissertation to argue against
the Army Transformation Plan to create a homogeneous medium weight Army.
Whether the entire active force of 10 divisions converts to medium
weight or only a portion does, the relevance of this study remains
geared specifically to medium and light forces only. There certainly
remains a strong rationale to keep a diversified structure that includes
some heavy forces in the active duty Army. For an argument against an
active duty Army based solely on medium weight forces, see Peter A.
Wilson, John Gordon IV, and David E. Johnson, “An Alternative Future
Force: Building a Better Army,” Parameters, Winter 2003-04, Vol. XXXIII,
No. 4, pp. 19-39; John Gordon IV and Jerry Sollinger, “The Army’s
Dilemma,” Parameters, Summexr 2004, Vol. XXXIV, No. 2, pp. 33-45.

25 The first Stryker brigade, 3rd Brigade, 2nd Infantry Division,
from Fort Lewis, Wash., is deployed to Irag. The second Stryker brigade,
1st Brigade, 25th Infantry Division, also from Fort Lewis, has just
stood up (Spring 2004). SBCT 3, the 172nd Infantry Brigade at Fort
Wainwright, Alaska, and SBCT 4, 2nd Armored Cavalry Regiment at Fort
Polk, La., will be fielded over the next few years. According to the
2004 Army Transformation Plan SBCT5 and 6 will be fielded by FY08.



of stopping anything heavier than 14.5mm MG fire.26 The Strykers are
not intended to fight modern enemy tanks nor are they intended to be an

early-entry force;27 rather, they are intended to £ill the gap between
early-entry light forces and the arrival of heavier follow-on forces by
sealift. Rapid strategic and operational deployability is the key
design requirement, which translates into a weight limitation of 20 tons
or less for all vehicles so they can be air transportable. The Army
deployment guideline is to deploy a medium brigade anywhere in the world
in 96 hours, followed by the rest of the division by 120 hours.

However, this goal is probably unattainable. Recent analysis by the
RAND Corporation shows that a Stryker Brigade would be unlikely to
deploy within 96 hours for a typical deployment, even with favorable

assumptions concerning how much airlift the Army would receive.?28

The Army plans to continue this transformation with a transition
to a “Future Force” (formerly referred to as the “Objective Force”)
beginning around 2012. The Future Force will be capable of taking on

all enemy threats, including the heaviest armored forces, because it

will rely on a family of wvehicles known as the Future Combat System.29

With the capability to kill any vehicle, Future Force units are much
more likely to use swarming tactics successfully.

There is a delicate balance between deployability and
survivability. If medium weight units are light enough to fly aboard

26 Eventually the Army wants to add small numbers of Mobile Gun
Systems to the SBCT. These 20-ton vehicles will be armed with 105mm
main cannons.

27 As it happens the Army has chosen an interim armored vehicle
very weak in anti-armor capability. The LAV III or Stryker vehicle is
currently only protected against small arms, 14.5 mm MG fire, and
artillery fragments. Protection against RPG threats requires additional
add-on armor.

28 One of the main problems is limited airport capacity at many
Second and Third World airports where conflicts are likely to erupt.

See Eric Pelt, John M. Halliday, and Aimee Bower, Speed and Power:
Toward an Expeditionary Army, Santa Monica, CA: RAND, 2003; also Vick,
et al., The Stryker Brigade Combat Team.

29 The Future Force is designed around units of employment (UE) and
units of action (UA). UEs are command and control structures that
synchronize and coordinate battle operating systems to allow UAs to
perform their missions. A UE is analogous to a division in today's Army.
A UA is analogous to a maneuver brigade in today's Army. UAs will
deploy Future Combat System (FCS) Battalions. The equipment of the FCS
will be “network-centric system of systems” capable of beyond line-of-
sight (BLOS) direct fires; precision, long-range indirect fires;
standoff sensors; and robotics.
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the basic workhorse of the US airlift fleet, the C-130, will they be
able to fight once they get there? As military expert Andrew
Krepinevich put it, “what’s this thing supposed to do besides get there

in a hurry?"30 In order to survive, both the SBCTs and the Future force
will need an operational concept that stresses elusiveness and standoff
fires. Swarms avoid close combat, use standoff fires as much as
possible, and rely on elusiveness for survivability - the very

characteristics that future rapid reaction forces will need to possess.

Offensive Swarming by Future US Light and Medium Forces

One of the probable missions of a future rapid reaction force will
be to conduct offensive operations against an enemy force that has
adopted non-linear dispersed tactics. The enemy could be an adaptive,
technologically sophisticated future force (e.g., China) or he could be
a relatively low technology insurgent (e.g., Afghanistan). Either way,
our enemies will avoid concentration on the battlefield and will adapt
to America’s overwhelming firepower by using “maneuver under fire.”

Just as the Japanese, Chinese and Vietnamese did in previous Asian wars
against Western style armies, they will limit the damage and duration of
air campaigns by dispersing and hiding their forces in the field or
behind non-combatants as much as possible. To deal with this problem
retired MG Robert Scales has suggested his own operational concept that
involves saturating the enemy’s territory with small autonomous units to
force the enemy to move, be detected, and be destroyed:

“to defeat a dispersed enemy we must disperse ourselves.A
highly mobile and sophisticated ground maneuver force
capable of operating in small units scattered across the
countryside will deny the enemy refuge and source of
sustenance..Thus the enemy can be collapsed by interposing

forces between and among his widely scattered formations.31

Operation Allied Force (OAF) in Kosovo in 1999 is one example of a
potential future offensive operatidn where friendly rapid reaction
forces might be required to deploy and conduct dispersed operations to
halt ethnic cleansing after it has already started. In this crisis, the
Serbs dispersed to conduct ethnic cleansing and avoid the destructive
bombing of allied airpower. Tankers “went to ground” and used deception

to spoof our air-based sensors and weapons. Spring rain, clouds and

30 Quote from Sydney Freedberg Jr., “The New Model Army,” National
Journal, June 3, 2000.

31 Robert Scales, Future Warfare Anthology, Carlisle, PA: Strategic
Studies Institute, June 2001, pp. 71-72.
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low-level fog hampered Allied bombing and diminished the effectiveness
of our laser and electro-optical guided bombs. Because the Serbian
units in the field were not concerned with a NATO ground force, they
were able to disperse and hide in the mountains and villages of Kosovo.

As a result, the Serbs suffered few losses of soldiers and equipment.32
Other offensive missions that might call for friendly forces to
disperse themselveg across an area of operations include
counterinsurgencies, peacemaking operations, and destroying weapons of
mass destruction. Regardless of the offensive mission, our rapidly
deployable joint forces will need both a ground and air component and a
concept of how to use them in non-linear, dispersed environments.

Defensive Swarming by Future US Light and Medium Forces

Future rapid reaction forces will also need to know how to conduct
defensive operations in a non-linear, dispersed environment. Examples
include deterring or halting an enemy mechanized force invasion of a
friendly nation. In this case friendly forces would disperse across an
area with the defensive goal of preventing enemy forces from seizing
terrain. Airpower-only approaches to this problem are sometimes not
sufficient because of the need for suppression of enemy air defenses,
restrictions to regional access, difficult terrain, limited aircraft
sortie rates, and the countermeasures that ground units can employ to
reduce their vulnerability from the air (dispersion, dashing, etc).
Therefore, the presence of friendly ground units can significantly
contribute to slowing down an enemy ground advance in the first crucial
days of a conflict by forcing him to defend himgelf from both ground and

air threats.33 As with offensive operations, adding a mobile ground
threat creates a synergistic effect. Ground forces can seize and hold
territory, flush out elusive enemy targets undetectable from the air,

and create lucrative enemy ground targets by forcing them to mass. To

32 According to Newsweek, the number of targets verifiably
destroyed was a tiny fraction of those officially claimed at first: 14
tanks, not 120; 18 armored personnel carriers, not 220; 20 artillery
pieces, not 450. See John Barry and Evan Thomas, “The Kosovo Cover-Up,”
Newsweek, May 15, 2000.

33 In previous years, the “halt” campaign analysis done by RBND’s
Project Air Force (PAF) recognized the need for small (brigade-sized)
but highly capable maneuver forces to defend key theater objectives
against enemy ground forces that escape destruction from the air. See
David Ochmanek et al., To Find, And Not To Yield: How Advances in
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use the hammer and anvil analogy, ground forces can serve as the anvil

upon which the hammer of airpower falls.34

RAND's Arroyo Center has conducted numerous studies on the topic of
enhancing airborne infantry or medium forces in order to defeat enemy
mechanized forces. Using high resolution models, Randy Steeb and John
Matsumura conducted experiments by making light forces lighter, making
light forces heavier, and introducing a medium weight force using
advanced combat vehicles weighing 10-20 tons. Most of their approaches
used air-deployable forces, relied on advanced sensors and C2 systems,
avoided the direct fire battle, and relied more on indirect fire
systems. In general, they found that a combination of long-range
standoff fires from remote support units and organic fires from a medium
weight force capable of maneuver was the most effective option. Long
weapon fly-out times, short enemy exposure opportunities, and the enemy

reluctance to mass in open areas reduced the effectiveness of airpower-

only approaches.35

Other RAND analysts have also looked at possible operational
concepts for defensive rapid reaction missions. For example, in Ground
Forces for a Rapidly Employable Joint Task Force (2000), Gritton et al.
presented an operational concept to achieve an early “halt” of an enemy
force using two kinds of rapid reaction forces - both a light mobile-

infantry force (either dismounted or mounted on 2-3 tons vehicles) and a

medium weight force based on 20-30 ton future combat vehicles.3® The

Information and Firepower Can Transform Theater Warfare, Santa Monica,
CA: RAND, MR-958-AF, 1998, p. xix.

34 Swarming needs a joint perspective because of the synergies and
dependencies between its air and ground components. Many factors - such
as the detection threshold and response time of friendly air forces -
will help determine the minimum firepower, armor, and mobility of land
forces. Land maneuver elements will need some organic capability to
engage comparable enemy vehicles or dismounted troops.

35 See Matsumura et al., Lightning Over Water, p. 188; R. Steeb, J.
Matsumura, T.G. Covington, T.J. Herbert, S. Eisenhard, Rapid Force
Projection: Exploring New Technology Concepts for Light Airborne Forces,
Santa Monica, CA: RAND, DB-168-A/0SD, 1996. RAND's- -Project Air Force
(PAF) studied the problem from an air perspective by seeking ways to
enhance air power’s ability to engage elusive ground targets using
either mechanical or human ground sensors. See Alan Vick et al.,
Enhancing Air Power’s Contribution Against Light Infantry Targets, Santa
Monica, CA: RAND, MR-697-AF, 1996.

36 See Eugene C. Gritten, Paul K. Davis, Randall Steeb, and John
Matsumura, Ground Forces for a Rapidly Employable Joint Task Force:
First Week Capabilities for Short Warning Conflicts, Santa Monica, CA:
RAND, MR-1152-0SD/A, 2000. See also Matsumura et al., Joint Operations
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lighter force secures key points and attrits and disrupts advancing
enemy units with the aid of long-range fires. The medium weight force
reduces the enemy’s momentum by maneuvering offensively and engaging
tanks from standoff range. All forces use superior situational
awareness, mobility, stealth, and long-range joint precision fires to

survive.37

This dissertation will review the applicability of swarming tactics
for medium weight forces deployed in defensive missions such as these.

In order to answer the two policy questions posed above, I will
conduct multiple case studies of swarming in past warfare in order to
better understand the phenomenology and identify independent variables
that are important for swarming success. I will then use empirical
analysis, as well as my general knowledge to formulate and validate a
theory and associated “model” of swarming. I will use the model and
related insights to discuss these two policy guestions and the

implications for US planning.

ORGANIZATION OF THIS DISSERTATION

This dissertation is organized as follows. Chapter Two provides
the methodology. Chapter Three defines what swarming is not, by tracing
the history of conventional, linear warfare. Chapter Four traces the
sources of non-linearity in warfare, in order to help the reader
understand what makes swarming unique and to place it in context with
other forms of warfare. Both of these chapters lay the groundwork for a
later theoretical discussion that postulates that swarming is a "non-
linear, dispersed operation," (NLDO) a unique type of military operation
that will likely see more use on the future battlefield. Chapter Five
summarizes the historical analysis of the 23 case studies and identifies
primary and secondary variables associated with swarm success. Chapter
Six presents a theory and model for successful swarming, and tests the
model with analysis of the empirical data using a qualitative technique
called the Comparative Method. Chapter Seven introduces and defines the
concept of NLDOs and offers several suggestions on how to reinterpret
the principles of war when conducting NLDOs. Chapter Eight turns to the
two basic policy questions outlined above to highlight how friendly
forces might employ swarming in the future or how they might defend
against it. Finally, Appendix A contains the narratives of 23 military

Superiority in the 21st Century: Analytic Support to the 1998 Defense

Science Board, 1998.
37 See Gritten et al., Ground Forces, pp. 23-51.

14




case studies of swarming, Appendix B addresses the question of whether
swarming is contrary to Western military culture, and Appendix C

summarizes the US Army’s nine official principles of war.
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2. METHODOLOGY

This chapter presents the methodology that guided this
dissertation’s policy analysis. My work can be divided into four
phases:

1) I conducted historical research (chapters three and
four) and conducted 23 descriptive case studies (Appendix A) to
better understand the phenomenology and identify primary and
secondary variables that are important to swarm outcomes
(Chapter Five). As case studies were selected, a theory of how
important wvariables interact began to form.

2) In the first part of this phase, I applied my general
knowledge as well as insights derived from the case studies to
propose a theory that explains successful swarming. Associated
with that theory was a “model” that specified when swarming was
successful and under what conditions. The second part of this
phase was to apply the Comparative Method developed by Charles
Ragin! to test validity and coherence of my variable choices
and model, and to systematically infer the implications of the
empirical data (Chapter Six).

3) I finalized a model that explains the outcome of
swarming as a function of the theory by using my knowledge of
the phenomenology of swarming in conjunction with the results
from phase two (Chapter Six).

4) I applied the theory and model of swarming to the two
policy questions posed in Chapter One: How can swarms be
defeated? Is swarming relevant for future friendly forces
(Chapter Eight)? In order to properly address the second
question, I also investigated the broad trends in warfare
towards non-linear, dispersed operations (Chapter Seven).

When studying historical cases it is often helpful to combine
observation with an evolving theory, that is, to identify the key
variables and their relationships early, so as to be better able to
visualize and interpret historical cases with some sophistication. The
aim of this approach is to develop good, structured insights, even if
rigorous and precise conclusions cannot be drawn from the historical

cases alone. This means that my four phases were not completely

1 See Charles C. Ragin, The Comparative Method: Moving Beyond
Qualitative and Quantitative Strategies, Los Angeles, CA: University of
California Press, 1987.
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sequential. It was an iterative process that involved feedback,

formulating hypotheses, testing, and revision.Z?

PHASE 1. CASE STUDY RESEARCH

“Fools say they learn by experience, I prefer to profit by others’
experience.” This quote by Bismarck is especially relevant for
soldiers, who have no control over when they will gain practical combat
experience. During peacetime, a soldier must rely on field exercises
and war gaming for gaining experience, a poor substitute for real war.
Furthermore, the next war is usually not fought like the last war, and
this makes it more difficult for soldiers to prepare themselves. The
study of military history is therefore critical for the education of our
military officers and defense planners, who must learn what they can
from the general trends of the past to complement what they learn
through training and experimentation. It is also the key to
investigating whether swarming is a viable tactic for our future forces.

For this phase of research I conducted 23 case studies of swarming
(the narrative of each case is listed in Appendix A). This was the main
effort of my dissertation. Swarming has occurred throughout military
history yet little historical research has been conducted on the use of
swarming. No comprehensive review exists that views swarming as a major
theme within military history. This work will £ill that gap.

By collecting and interpreting my own data I became familiar
enough with it to draw out the higher order variables I judged to be
significant for swarm outcomes. My goal was not to exhaustively
describe every case of swarming that ever occurred but to cover
“prototypical” cases - in other words, cases that are unique in terms of
some critical variables and representative of other cases not covered.
For example, the selection does not include every battle that occurred
between Saladin and the Crusaders but it does include two battles
(Hattin, Arsuf) in which each side was victorious and representative of
further battles. Other criteria used in case selection are listed in
Chapter Five.

When conducting case studies, it is important to begin with an
initial theory of the phenomenon one is interested in. My initial
theory was drawn from my early literature review and RAND monograph,
Swarming on the Battlefield (2000). In addition, many of the research

2 John D. Sterman, Business Dynamics: Systems Thinking and Modeling
for a Complex World, McGraw-Hill/Irwin, 2000, p. 83.
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questions posed in that study were revisited as I continued to do case

studies:
¢ What are proven countermeasures to swarming?
. When did swarming work and when did it fail?
) What variables and combinations of variables correlate with
swarm success?
] What role did technology play in swarming cases?
J How do swarms do against non-swarms?
. How did swarms use command, control, and communications?
. How does swarm success vary according to terrain?
. How did swarms satisfy their logistical reguirements?

According to Yin and Ragin, the case study approach is useful
because it can deal with historical events that involve causal
complexity. Case studies can suggest the different combinations of
conditions associated with specific outcomes or processes.3? Case
studies should also follow replication logic, not a sampling logic. As
Yin explains in Case Study Research, the process is iterative: each case
is conducted as an “experiment” to test and refine the theory under
development. Results are generalizable to theoretical proposition, not
to the overall population. The analyst seeks analytic generalization,
not statistical generalization. Figure 2-1 below shows the loop of the
iterative process (as well steps for the other phases of my

methodology) .

3 see Robert K. Yin, Case Study Research, Newbury Park, CA: Sage
Publications, 1988.
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Figure 2-1 - Flowchart of Methodology

In Chapter Five, data from the case studies are summarized and
primary and secondary variables are identified. Because historical data
is observational, this analysis cannot prove that the dominant factors
that emerge play a causal role in swarm success. It is a plausible

interpretation, however, not contradicted by the results.

PHASE 2. PROPOSE A COMPLETE THEORY OF SWARMING AND TEST IT WITH THE
COMPARATIVE METHOD

Because of the lack of scholarly attention to swarming in the
military literature, there is a need for a theory - a system of ideas
that explains reality and serves as a guide for action. One of the
goals of this work is to provide a set of principles that better explain
the phenomenon of swarming. As Wylie writes in Military Strategy,

“.. theory serves a useful purpose to the extent that it can
collect and organize the experiences and ideas of other
men, sort out which of them may have a valid transfer value
to a new and different situation, and help the practitioner
to enlarge his vision in an orderly, manageable and useful
fashion-and then apply it to the reality with which he is

faced.”*

Strategy is closely related to military theory. All the classic
theories of warfare by writers such as Clausewitz, Jomini, Douhet,
Mitchell, Mahan, and Hart imply a strategy based on their theory. A.T.
Mahan looked at the history of naval and land warfare from the 17th and

4 J.C. Wylie, Military Strategy: A General Theory of Power Control,
Annapolis, Maryland: Naval Institute Press, 1967, p. 31.
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18th centuries to derive a theory of naval power. His theory implied a
strategy of always seeking a climactic battle between opposing fleets of
capital ships.® Liddel Hart created a theory of the indirect approach
that argued for a strategy of always using indirectness to unbalance the
enemy and undermine his will to fight.® William Mitchell and Giulio
Douhet’s air power theories argued that airpower was the predominant
instrument of war and that the primary objectives of aerial attack
should not be military installations but Strategic industries and
centers of population.’

My theory on swarming is far more limited than the broad strategic
theories mentioned above; it is more like an operational concept or
tactic. It became apparent to me during the course of this work that
swarming is just one behavior among several (including guerrilla
tactics) that can be exhibited by non-linear, dispersed forces. What

5 In Mahan's books, The Influence of Sea Power upon History, 1660-
1783 and The Influence of Sea Power upon the French Revolution and
Empire, 1793-1812, the central theme is that every phase of the conflict
between England and France was determined by the command of the sea by
naval domination, directly or indirectly. He argued against ever
dividing the fleet and to always go after the opposing main fleet. The
primary function of navies is the command of the sea, which leads to
control of maritime commerce. See Philip A. Crowl, “Alfred Thayer
Mahan: The Naval Historian,” Makers of Modern Strategy from Machiavelli
to the Nuclear Age, Peter Paret, editor, Princeton, New Jersey:
Princeton University Press, 1986, pp. 449-451. See also Margaret Tuttle
Sprout, “Mahan: Evangelist of Sea Power,” Makers of Modern Strategy:
Military Thought from Machiavelli to Hitler, Edward Earle Meade, Editor,
Princeton, New Jersey: Princeton University Press, 1944.

6 See Liddell Hart, Strategy, London, UK: Faber & Faber Ltd., 1954.

7 Guilio Douhet'’s theory of war saw no distinction between
combatant and noncombatant. He believed that successful offensives by
surface forces were no longer possible, and that the speed and elevation
advantage of air makes it impossible to defend against offensive aerial
attack. Therefore, since major strategic bombing against the enemy
population, government and industry will shatter civilian morale and
lead to victory, an independent long range air force is needed.
Aircraft other than bombers are ancillary. The experience of World War
Two revealed the shortcomings of his theory: an overestimation of the
effect on morale; an inability to foresee radar defense against air
attack; the importance of tactical air support in blitzkrieg; the impact
of weather; and an overestimation of defensive capability of bomber
aircraft. In World War Two, tactical employment of air power was most
guccessful. See David MacIsaac, “Voices from the Central Blue: The Air
Power Theorists,” Makers of Modern Strategy from Machiavelli to the
Nuclear Age, p. 624.
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U.S. military planners really need, as I argue in Chapters Seven and
Eight, is a theory of non-linear, dispersed operations (NLDOs).

In the first part of this phase I identified five primary variables
important to swarming outcomes, their relative importance, and how they
interact in the application of combat power. I used an influence
diagram to visually summarize these relationships and some ground rules
on how these variables work. Associated with my thinking is a “model”
that predicts swarming outcomes based on the theory. With five
variables that can be treated as either absent or present in a case -
essentially a binary value - there were 32 possible scenarios to cover
as part of the model.

In the second part of this phase I applied the Comparative Method
developed by Charles Ragin to test validity and coherence of my variable
choices (see box in Figure 2-1). Since the Comparative Method is
probably unfamiliar to the reader, I will explain the steps of this
methodology in detail.

Comparative Method

The Comparative Method is a qualitative technique developed by
Charles Ragin, which in his own words “provides a synthetic approach to
comparative research that allows the holistic case study approach to be
used with a larger number of cases.” As Ragin explains it, the case
study approach works well with a handful of cases; with many cases
however it is difficult to analyze all the cases together and to compare
each case with every other case. As the number of causal conditions
increases, the number of possible combinations of causal conditions
increases exponentially.

Ragin’s comparative method allows the examination of large numbers
of cases while also permitting the assessment of complex patterns of
multiple and conjunctural causation.? It is a system of notation that
helps to systematically determine infer the implications of the
historical data. The main features of this qualitative technique are:

. Use of binary data - the variable is either present (1) or not
(0)

Ll Representation of data in truth tables - raw data is sorted
into a table with rows representing the different combinations
of independent variables. Each row is assigned an output value
that represents the dependent variable. Truth tables have as

8 Ragin, Comparative Method, p. 71.
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many rows as there are logically possible combinations of
values on the causal variables.

] Construction of Boolean expressions that synthesize the raw

data in a “truth table”

This type of Boolean-based qualitative comparison starts with a
bias towards complexity because every possible combination of values is
examined; it then simplifies this complexity through repetitive
minimization procedures. Boolean expressions serve as an aid to
interpretive analysis, producing parsimonious explanations.

For example, Table 2-1 is an example of a truth table for three
independent variables, which results in eight possible combinations.

Table 2-1 - Example of Truth Table

Independent Variables Outcome Number of
(dependent Instances
variable)

A B C Y

0 0 0 0 9
1 0 0 1 2
0 1 0 1 3
0 0 1 1 1
1 1 0 1 2
1 0 1 1 1
0 1 1 1 1
1 1 1 1 3

The basic hypothesis in Boolean addition is that if any of the
additive terms is satisfied (present), then the outcome is true
(occurs). Addition in Boolean algebra is equivalent to the logical
operator OR. Boolean multiplication is equivalent to the logical
operator AND. Uppercase indicates a variable’s presence and lowercase
its absence. Boolean multiplication allows us to represent absence or
presence of variables in combination, similar to the holistic approach
used by the case method. The truth table in table 2-1 above can be
represented in unreduced form as:

Y = 8bc + aBc + abC + ABc + AbC + aBC + ABC

This notation is read to mean that ¥=1 if any of the conditions
represented by the terms is met. It is referred to as an “unreduced
form” because there will often be redundancy; that is, fewer terms may

be needed. Each of the seven terms represents a combination of causal
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conditions found in at least one instance when Y is true.? There are
various minimization rules that allow the investigator to combine and
simplify a primitive sum-of-products Boolean expression like the one

above. For example, Ragin states the following rule:

“If two Boolean expressions differ in only one causal
condition yet produce the same outcome, then the causal
condition that distinguishes the two expressions can be

considered irrelevant and can be removed.”10

In this case, Abc and ABc can be combined to Ac. Ragin calls a
term such as Ac a prime implicant because it cannot be reduced further.
Only one causal condition, B, varies and no difference in outcome is
detected (because both Abc and ABc are instances of Y). Because of the
logic of experimental design, B is irrelevant to Y in the presence of Ac
(that is, holding these two conditions constant). Subsequent rounds of
Boolean minimization can further reduce the original expression.
Further minimization using a prime implicant chart can eliminate even
more terms to arrive at the logically minimal Boolean expression. In
this particular example, pairs of rows can be combined until a final
simplified expression for this truth table is actually Y = A + B + C.11
In other words, outcome Y results when variable A is present OR variable
B is present OR variable C is present (the example is deliberately
simple to illustrate his method).

In addition, once the Boolean expression for the outcome=1 (Y is
true) condition is determined, the expression for negative outcomes (Y
is false) can quickly be derived using De Morgan’s Law.l2 In other
words, a parsimonious expression can be derived that shows the
conditions under which swarming works and when it does not across a
large range of complex cases.

The application of the Comparative Method resulted in parsimonious
Boolean equations, which I then interpreted to discover variable

combinations that were necessary and/or sufficient for various swarm

° There are several ways to incorporate frequency criteria (the
number of instances of a variable combination) into the analysis. One
way is to assign cutoff values - if a particular combination of
independent variables (a row) does not appear a minimum number of times,
then you exclude it from the truth table.

10 Ragin, Comparative Method, p. 93.

11 Kriss Drass and Charles Ragin have formalized and automated the
logic of qualitative analysis in a program called QCA, which can be run
on a PC to verify hand calculations. A copy of this program can be
downloaded at http://www.compasss.org.

12 gee Ragin, Comparative Method, Chapter 6 for a detailed
explanation of this entire process.
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outcomes. I compared these results to the general predictions of my
proposed model from the first part of this phase. Some of my
presumptions were consistently validated by the comparison, others were
not, and I note the shortcomings.

PHASE 3. FINALIZE A THEORY AND MODEL FOR SWARMING

The ultimate output from phases one and two is a model that
explains the outcome of swarming as a function of my theory. 1In this
phase I used my knowledge of the phenomenology of swarming and the
earlier results to finalize my expected outcomes for the 32 case

scenario space covered by my model.

PHASE 4. APPLY THEORY AND GENERAL INSIGHTS TO THE POLICY QUESTIONS

In this last phase of research I turned my focus back to the two
policy questions from chapter one in order to address practical mission
problems. The first question - How can swarms be defeated? - required a
relatively straightforward answer that could be derived from my theory
of swarming and from the historical lessons of past swarm defeats.
Addressing the second question, however, - Is swarming relevant for
future friendly forces? - called for a much more complicated and
speculative answer, based as it must be on the uncertainty of both the
future operating environment and technological change. This question
required an analysis of some of the broad trends in warfare, the
introduction of what I refer to as non-linear, dispersed operations
(NLDOs), and a consideration of how NLDOs may change the validity of the
principles of war.l? What I have learned is that vapor swarming is just
one form of NLDO and that the more important question to ask is how
relevant are swarming and other non-linear, dispersed tactics to future
friendly forces?

Although the answer to how relevant swarming will be for future
friendly forces is speculative to some degree, it is far from
irrelevant. Such speculation provides thinkers with specific ideas now,

allowing them to criticize, rejecdt or improve upon the thoughts later. '

13 For example, the Army’s operational doctrine manual FM 3-0,
Operations, lists the elements of combat power, the principles of war,
and tenets of military operations. These building blocks describe the
characteristics of successful operations. I suggested three deviations
from these principles, because swarming and other NLD tactics are so
radically different from the traditional linear way of fighting.
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Thus, my theory of swarming and the implications for specific
operational missions developed in this study provide an intellectual
framework and a new vocabulary. In addition, my analysis of the
historical tactics and formations of past swarms complements the theory.
Finally, in this phase I became interested in whether American
military culture was amenable to elusive swarm tactics. Some authors
have outlined a Western military culture distinguished by its anti-swarm
attributes (heavy forces, direct sustained combat, linear). For
example, Western military tradition can be traced back to the classical
Greeks who emphasized decisive engagement of the enemy, meeting him
head-on, hand-to-hand in shock battle, and resolving the fighting as
quickly and decisively as possible.l? It would seem that the nature of
dispersed swarming operations runs counter to many of the central tenets
of this Western tradition.!> I summarize my findings on this important

topic in Appendix B.

A FINAL NOTE

It is essential to keep in mind that the application of policy
analysis to real world phenomena is an art. In this particular study,
the artistic portion is large, considering the uncertainties introduced
by the subject matter itself. For the most part, swarming has not been
studied by military historians. Future rapid reaction forces are still

on the drawing board. This study is intended to be mainly a theoretical

1¢ gee Victor Davis Hanson, The Wars of the Ancient Greeks and
their Invention of Western Military Culture, London: Cassell, 1999, pp.
20-27.

15 Russell Weigley has argued that American way of war can be
traced back to General Grant in the US Civil War - that is, Americans
fight with conventional field armies that seek battles of annihilation
and follow attrition-based strategies that rely on massive firepower and
mobilization of resources. Unconventional warfare and guerilla tactics
have played a small part in American military tradition. Washington
deliberately avoided using partisan tactics in the Revolutionary War.
American guerilla or counterguerrilla campaigns - such as Nathanael
Green's partisan war in the Southern states in the Revolutionary War,
the Second Seminole War of 1835-1841, and the Filipino Insurrection of
1899-1903 - are historical aberrations that remain relevant only to the
small, special forces units that exist today. See Russell Weigley,
"American Strategy from its Beginnings through the First World War,"
Makers of Modern Strategy from Machiavelli to the Nuclear Age, pp. 408-
443,
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work that outlines swarming and makes the first tentative steps towards
applying a theory of swarming to potential operational problems.
Throughout this process my professional judgment and intuition
necessarily play a central role.

This said, it is helpful to recall that the primary purpose of
policy analysis is to advise decision-makers, to help answer their
questions, to shape their intuition, and to broaden their basis for
judgment. In practically no case should we expect to prove to the

decision-maker that a particular strategy or tactic is uniquely best.l6

16 §.8. Quade, Analysis for Public Decisions, Appleton & Lange,
1996, p. 1lé4.
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3. HISTORY OF LINEAR WARFARE

INTRODUCTION

A reading of the history of linearity and non-linearity in warfare
will help the reader to understand what makes swarming unique and place
it in context with other forms of warfare. This chapter begins the
discussion of linearity while the next chapter continues with a look at
non-linearity and an introduction to swarming as a concept.

This chapter is organized as follows. First, a simple definition
of linearity is offered and defended. Second, the history of
conventional land warfare and evolution of linear tactics through the
centuries to its 20™ century form is summarized. Since most of the
existing literature on the art of war is based on linear warfare, and
most of art is equally applicable to swarming, it helps to have a full

understanding of all forms of warfare, both linear and non-linear.

DEFINING LINEAR WARFARE

The term “linear warfare” has been used so casually and frequently
in the literature that it seems to lack a generally accepted definition.
One approach is to consider linearity in geometric terms.l If “linear”
is defined to be “of, made, or using a line or lines,” then linearity
might simply be tactics that use linear tactical formations, such as
lines.? The line has certainly been the most common way to deploy
troops before battle, especially after the introduction and development
of gunpowder weapons. 3 Deploying formations or armies in a line extends

the front as wide as possible to maximize combat power (mainly missiles)

1 Recent interest in complex adaptive systems has led some writers
to describe linearity in warfare as a mathematical concept - that is,
war is non-linear when the sum of the parts does not equal the whole.

In other words, if you describe combat as some mathematical function and
graph the function, the result is not a line. This definition is not
used in this dissertation.

2 Webster’s New World Dictionary, New York, NY: Simon & Schuster,
1995.

3 Some of the common phrases for describing combat units, such as
“line units,” hint at the linear nature of our warfighting concepts.

29




and lowers the risk of being flanked. Other things being equal, the
longer line will win by enveloping the flanks of the shorter.

The problem is there are simply too many examples of armies
deployed linearly using non-linear formations, such as circles, squares,
rectangles, and even unorganized mobs. Indeed, tactical formations
often switch back and forth between the line and other shapes depending
on whether they are moving or fighting. Very often in the past,
movement to a battlefield was usually done in a column, or wedge, while
movement on a battlefield was done with a line, column, wedge. At the
height of linear warfare in the 18" Century, armies used lines to fight
and columns to move.4 The choice of the best tactical formation was
always balanced by the need for movement (deep formations move faster)
with the need for firepower (shallow line formations maximize
firepower) .

Applying a geometric definition of linearity at a higher level of
war, say the tactical-operational level, also does not work. Linear
armies often times end up with irregular fronts that bend all over the
place, depending on terrain and the progress of battle. Gettysburg is
one example. In Figure 3-1 below, one can see that the front line of
the Army of the Potomac hardly resembled a straight line. After taking
two days of punishment by the Army of Northern Virginia, Union lines

were twisted into the famous “fishhook.”

4 There were exceptions of course. Columns are faster than lines
in general (especially over broken terrain and around obstacles) so they
were sometimes used as an attack formation. French “attack columns” in
the Napoleonic Wars were used to cross the killing zone as quickly as
possible and engage in close combat.
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Figure 3-1 - Battle of Gettysburg, (July 3, 1863)

Linearity is not about the shape of formations and armies; it is
more about the number of directions that fighting occurs in. An army
uses linear tactics if it normally trains to conduct offensgive
operations on a single continuous front at the tactical-operational
level. Linear armies form a single front when they make initial contact
with the enemy because that is the best way to safely apply combat
power, avoid being flanked, control fires to reduce fratricide, protect
supply lines, and easily coordinate subordinate units.

Since this dissertation is concerned with tactical and operational
levels of war, it might be useful to define these terms.® War is
conducted on three levels. The highest level, strategy, is concerned
with delivering the highest possible number of troops to a battle gite
and denying your enemy the ability to do the same. Tactics are employed
at the lowest level of war - the actual battlefield; they are the

crucial moves two armies make when close contact has been established.

5 The focus on the tactical-operational level is appropriate
because it is at this level that one can most easily distinguish between
historical cases of linearity and non-linearity. At the lowest tactical
level, formations often fight in multiple directions as a matter of
course (e.g., British army squares at Waterloo).
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Operational art is the linkage between strategy and tactics - it is the

campaign maneuvering to seek or avoid battles.

A BRIEF HISTORY OF CONVENTIONAL LINEAR WARFARE

Linear warfare has been more prevalent than non-linear warfare in
the West, especially between major armies fighting to destroy each other
or control territory. Our Western art of war, for the most part based
on linear tactics, can be traced back to the Greeks, Macedonians and
Romans. This classical heritage was reborn during the Renaissance in
Western Europe and inherited and perfected by modern states. It is only
in the last century that maneuver warfare doctrine and advancing
technology have pushed the Western art of war to incorporate some degree
of non-linearity.

Linearity in the West can be most easily traced with the evolution
of army fronts at the tactical level. An ancient army’s front was short
and deep because it is easier to move a rectangle of tightly bunched men
across a battlefield and keep it cohesive, compared to a line. Another
reason was that infantry was the dominant arm and deeper phalanxes
impart greater momentum, a crucial advantage in charges and hand-to-hand
melee. Campaigns did not last long and lines of supply were minimal, so
the tactical emphasis was not to outflank and cut the enemy’s logistics
but rather to push straight ahead and break the opposing formation by
punching or tearing a hole in it.® As a result, battles were fought by
dense blocks of men 8, 16, or even 50 men in depth.”

There was normally a single front, two flanks, and a rear. Take
for example Roman armies based on the manipular legion in the 2nd
Century BC. At the individual level, a legionary was trained to fight
from inside a maniple of 120 men arranged in a block, twenty men across
and six ranks deep. The legion as a whole was deployed in three lines
of ten maniples each, with adjustable gaps between each maniple. And
multiple legions themselves were deployed in a line, with cavalry
deployed on the flanks. The linear tactical organization was part of
the secret to Roman success, because the front line of legionaries could
be interchanged with two fresh lines of reserves at any point of the

battle (see Figure 3-2 below).

6 This was achieved by increasing the quality and quantity of men
on one part of the line in order to concentrate enough men for a
breakthrough.

7 The Spartan phalanx normally deployed 8 men in depth, the
Macedoniang 16, and the Thebans 50.
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Note: This chart doesn’t show the velites (scouts) who normally
screen forward and skirmish until heavy contact, at which point
they fall back between he gaps and £ill in the gaps between the
Triarii maniples. There were normally 40 velites per maniple.

The ancients developed an art of war that is still part of the
Western heritage. One of the themes running through this art is the
principle of avoiding strength and attacking weakness. It has long been
known that when two armies of equal strength face each other, the
defender will win if the attacker does a simple frontal assault, ceteris
paribus. Avoiding strength means avoiding frontal assaults. Attacking
weakness means attacking the flank or rear.®

Flanking an opposing enemy line can be done on one side, called a

single envelopment, or both sides, called a double envelopment (see

Figure 3-3).° The advantage to enveloping or flanking an army is both

8 Attacking weakness can also be accomplished by applying a
superior weapon system using combined arms synergy (best used between
dissimilar armies) or by attacking the opponent's logistical support.

® gsingle envelopments occur when one army makes a frontal attack to
pin the enemy while a mobile part of the force attacks one enemy flank.
In the double envelopment, the intention is to hold the enemy in his
position while striking him in the rear or both flanks.
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psychological and tactical. Forcing a body of men to defend in two or
more directions unnerves them and constricts their movement and
employment of weapons. An attacking force on the flank of a defender
can not only achieve enfilade firel® (if missile weapons are being
used), but it can also “roll up” the defending line by attacking and
defeating small parts of the line in succession.ll

Gradually armies developed enough discipline and professionalism to
articulate their formations and conduct flank attacks without causing
vulnerable gaps or disorder in their own ranks. One of the first to do
so was the Spartan phalanx, using a flanking maneuver shown in Figure 3-

3 to conduct a single envelopment.l2

10 Enfilade fire means the fire is parallel to the long axis of the
target (also called raking fire). Each round can potentially cause more
damage because there are a greater number people or vehicles in the path
of the projectile.

11 Herman Hattaway and Archer Jones, How the North Won: A Military
History of the Civil War, Champaign, IL: University of Illinois, 1983,
p. 706.

12 phalanxes had a tendency to drift right as they advanced because
each man sought the protection of the large shield carried in the left
hand of the man to his right. This meant that the right wing of each
phalanx usually overlapped the opposing left. The Spartans systemized
this tendency by drilling its right most segment to face to the right,
march forward, detach itself from the main force but remain an extension
of the line of battle. After a short march to the right as a column,
the portion would turn left toward the enemy and continue until they had
reached the line along which the enemy had arrayed its army. They then
halted, faced left again, and advanced in line of battle to attack the
enemy flank.
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Figure 3-3 - Attacking Weakness

The pinnacle of successful battlefield tactics is the double
envelopment however. At the battle of Cannae in 216 BC, the
Carthaginian general Hannibal destroyed seven Roman legions in a single
afternoon using a “weak center” ruse.l3 Hannibal enticed the Roman
center to bulge forward, compress itself into an unwieldy mass that
could not project combat power efficiently, and render itself more
vulnerable. Hannibal essentially lured the Romans into “growing
flanks.” This led to a double envelopment. For hundreds of years
military theorists studied this battle intently to try and understand
how it is possible to nearly encircle and destroy an entire army using
linear tactics.!? Cannae has become a byword in military history for a
total annihilative tactical victory.15

Another tactical maneuver used by the ancients was to place their
line of forces at an oblique angle to the enemy line, rather than
parallel (see Figure 3-3). The oblique order consists of an advance by

13 Hannibal did it by deliberately caving in his center to allow
the Roman legions to advance and compress themselves into disorder.
Once Hannibal’s cavalry had chased their Roman counterparts from the
flanks, they continued around into the Roman rear and completed the
encirclement and destruction of the Roman army.

14 Geoffrey Parker, ed., The Cambridge Illustrated History of
Warfare, Cambridge, UK: Cambridge University Press, 1995, p. 48.

15 James McPherson, Battle Cry of Freedom: The Civil War Era,
Oxford, UK: Oxford University Press, 1988, p. 656.
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a weighted wing of a force, followed by the advance of an adjacent
portion of the line and, in turn, succeeding adjacent portions. By thus
striking the opposing front in echelon, the advancing force prevents the
opposing commander from shifting the uncommitted portions of his line
for fear of exposing a flank to the advancing forces. This allows the
“refused” weaker flank to “fix” part of the opposing enemy line while
the stronger flank collides with the enemy. Epaminondas used an oblique
line at Leutra in 371 BC, Alexander used it at Arbela in 331 BC, and
Vegetius recommended it as a standard attack formation for the legion in
390.16

The oblique order illustrates a longstanding principle of war at
the tactical level - to concentrate superior combat power at the
decisive place and time, the principle of mass. The famous quote, "“Get
there fustest with the mostest,” succinctly expresses the idea.l” This
principle also works for the operational level of war, where the goal is
to mass greater forces for a particular battle even though the enemy may
have greater numbers overall in the area of operations.

After the collapse of the Roman Empire in the West in the 5%
Century AD, military art stagnated in Europe.l® Through most of the
Middle Ages, raids and sieges were much more common than pitched
battles. Battles were fought between disorderly mobs of independent-
minded knights who as often as not attempted rash and premature charges
with little attention afforded the overall commander.l® Many commanders
fought in the melee and lost overall control once the fighting began,

and the use of tactical reserves was often neglected.?20

16 gee Flavius Renatus Vegetius, De Re Militari (The Military
Institutions of the Romans), translated from the Latin by Lt. John
Clarke in 1767, in Brig. Gen. Thomas R. Phillips (ed.), Roots of
Strategy: The 5 Greatest Military Classics of All Time, Harrisburg, PA:
Stackpole Books, 1985, p. 16l.

17 supposedly said by Nathan B. Forest, a U.S. Civil War cavalry
commander.

18 There were many reasons for this, including weak central
authority, feudalism, and the lack of professional standing armies.

19 gee Smail, Crusading Warfare, p. 3; Philippe Contamine, War in
the Middle Ages, Translated by Michael Jones, Malden, MA: Blackwell
Publishers Inc., 1984, p. 229; Sir Charles Oman, A History of The Art of
War in the Middle Ages, Volume One: 378-1278 AD, Greenhill Books:
London, England, 1998, Chapter IV; Archer Jones, The Art of War in the
Western World, Urbana: University of Illinois Press, 1987, p. 149.

20 1t should be noted that even though the majority of historians
agree with this somewhat negative view of medieval tactics, there are
notable exceptions. Verbruggen argues to the contrary and presents
evidence that many medieval battles were fought with more sophisticated
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Tactics were unsophisticated in part because armies contained more
cavalry than well-drilled infantry.2l Cavalry is less vulnerable to
sophisticated flanking tactics because defending cavalry can change its
front very quickly to counter a flank attack. Cavalry fighting also
depends more on the individual actions of mounted knights, rather than
on group action using formations and drill; hence the lack of tactics
based on well-drilled formations. 1In the late Middles Ages when
medieval armies began to include disciplined infantry, such as the
French and English cavalry/missile armies in the Hundred Year'’'s War, the
frontal assault was often still the preferred option because chivalric
code demanded an honorable fight.?22

Things began to change during 14" and 15" Centuries with the
reintroduction of well-drilled heavy infantry.2? The success of the
Swiss heavy infantry phalanx caused most other armies to imitate them.
Swiss armies used phalanxes 50 men across and 50 deep, usually three
phalanxes to an army, and drilled to protect themselves when they were
flanked by halting and leveling their pikes and halberds in all
directions. These massive squares could move forward in a mutually
supporting manner without concern to keep their front aligned because
each covered its own flanks.

Gunpowder was first introduced in the late 14™ century, but it took
about a hundred years for firearms to become the most cost-effective
missile weapon. After the arquebus began to supplant the crossbow and

longbow, armies gradually adopted more linear formations in order to

tactics. See J.F. Verbruggen, The Art of Warfare in Western Europe
during the Middle Ages From the Eighth Century to 1340, (trans. by S.
Willard), Woodbridge, UK: The Boydell Press, 1997.

2l Ccavalry began to dominate on the battlefield because of the
invention of the stirrup sometime near the 7% or 8™ century AD, the
appearance of heavier breeds of horses, and the lack of well-drilled
heavy infantry capable of fighting cavalry.

22 1n the 12" Century, it was normal for a knight to feel that
courage and honor dictated straightforward brute force rather than
cunning and cleverness associated with ambushes and simulated retreats.
See Smail, Crusading Warfare, p. 146.

23 The close order drill of the ancients was rediscovered during
the Renaissance, leading to the development of disciplined tactics based
on ordered formations. Military reformers consulted classical Roman
texts for a solution to the discipline problems associated with
mercenary armies. The infantry phalanxes they created ended up being
similar to the ancient formations of Rome and Greece. The “push of
pike” by a Swiss phalanx armed with halberd and pike was similar to a
charge by a Spartan phalanx armed with spears. See Thomas Arnold, The
Renaissance at War, London, UK: Cassell & Co., 2001.
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deliver greater firepower and reduce their own vulnerability to incoming
missiles. This was the beginning of the “linearization” of army fronts
that continued over the next four centuries.

During the 1500s and into the early 1600s most battles continued to
be fought by infantry phalanxes with as much as three to six thousand
men each, a mix of pike (men armed with pikes or halberds) and shot
(arquebusiers or musketeers). The Spanish tercio was the most
successful phalanx at this time. These tightly packed formations could
defend themselves in any direction (so at the lowest tactical level they
could be considered non-linear but not at the tactical-operational
level). They could also move more quickly than a line because they did
not have to worry about their alignment or gaps as much.

Within the phalanx, density was needed both to maintain
continuous fire and for protection against cavalry charges (a minimum of
ten ranks was needed to maintain continuous fire at this time). The
tercio used a maneuver called the countermarch, in which successive
ranks of arquebusiers or musketeers each fired a volley and then retired
to the rear of their file to reload. Arquebusiers or musketeers were
arrayed on the flanks, corners, or rear of the phalanx to fire at enemy
infantry or cavalry; the pikemen on the inside of the phalanx protected
the arquebusiers from cavalry. In this way cavalry forced light and
heavy infantry to be dependent on each other for protection. Cavalry
also served a role in slowing down phalanx charges, so that defenders
could pour more fire into them before they closed for hand-to-hand
combat .24

In the 1590s, Prince Maurice of Nassau created a more linear Dutch
tactical system that laid the pattern of warfare for years to come.
Trying to emulate the old Roman linear system, Maurice reduced the
number of ranks of pikemen in tercio formation from 40 to 10 and then to
5. Infantry were organized into smaller tactical units and cavalry
lancers were converted to pistol-armed cuirassiers. Battalions were
arranged in two or three distinct lines of battle in chessboard pattern,
as the Romans had done. Instead of having only a few massive squares,
commanders now had to control and move lines composed of 500-man

battalions.

24 The proportion of heavy cavalry declined as they became less
cost-effective than infantry. In the 1540s, a new type of cavalryman
appeared, called a reiter, who merged the traditional roles of heavy and
light cavalry. These cavalrymen were capable of firing wheel-lock
pistols at pikemen (using the caracole drill, a cavalry version of the
countermarch) or charging at arquebusiers with sabers.
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In 1631 Gustavus Adolphus of Sweden demonstrated the full potential
of volley fire combined with more linear formations with his decisive
victory at the Battle of Breitenfeld. Gustavus drilled his troops so
they could maintain a continuous barrage of matchlock musket fire with
gix ranks instead of the usual ten. He issued paper-wrapped powder
charges, with the ball attached, increasing the rate of fire to nearly
one per minute. He also lightened his cannon so they could be used at

the front.?5 The rest of Europe quickly copied Gustavus’ reforms and
within a short time all the major armies in Western Europe used longer

and thinner lines of musketeers.26
There were many benefits to using more linear formations. Longer
and shallower formations saved manpower for use in reserve lines, they
outflanked shorter and deeper lines of phalanxes, and they allowed
greater concentration of firepower in time (using volley fire).
Shallower lines also lowered fratricide on the smoke-filled battlefield.
The linear trend in formations continued. In the 17th Century, the

proportion of shot gradually overtook that of pikes.?? Between 1660 and
1715 infantry formations became longer and thinner in a steady

progression, going from a battle order of six ranks deep at the

beginning of this period down to four or even three.2® Eventually all
infantrymen were armed with the flintlock smoothbore musket and ring
bayonet, rendering pikemen unnecessary. The “push of pike” of the 16"

century became the bayonet charge of the 18%-19" centuries.

25 puring the battle, Gustavus formed his Swedish army into two
lines of six ranks. In contrast, the opposing German army deployed in
the traditional manner with a two-mile long front made up of about 18
massive tercios (squares of men thirty deep and fifty wide), with
cavalry on each of the wings. The six ranks of Swedish musketeers
firing in volley decisively defeated the 30 ranks of German arquebusiers
and musketeers using the countermarch. In the event, the Germans
suffered ten times as many casualties as the Swedes.

26 Geoffrey Parker, ed., The Cambridge Illustrated History of
Warfare, Cambridge, UK: Cambridge University Press, 1995, pp. 157-158.

27 By the English Civil Wars (1642-1651), a ratio of 2:1 was
favored.

28 In the mid-17 century musketeers formed in battle groups of 100
to 300 men, with a depth of 6 to 10 ranks, and a front of 10 to 25 men,
separated usually by 3 to 4 feet. A Swedish musketeer company could
hold a front of some 36 yds. By 1750, a Prussian platoon, 70- to 80
strong, could hold a front of 20 to 24 yards. Adjusted in numbers, this
means that half the number of men could hold the same frontage. See
Historical Trends Related to Weapon Lethality, Historical Evaluation and
Research Organization, Washington, DC, 1964, Annex 1, p. 25.
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The period between 1715 and 1789 epitomizes linear warfare.
Tactics revolved around the use of rigid linear formations of men.
Firing was by volley, with no countermarching. Armies were practically
homogenous, with light and heavy infantry merged and cavalry assuming a
minimal role. Firepower now reigned supreme after more than two
centuries of trial and experiment.

The Battle of Leuthen in 1757 exemplifies 18th century warfare.
Marching with machine-like precision, Frederick’s Prussians defeated an
Austrian army twice as big by conducting an oblique attack. Frederick
deployed his army in two main battle lines, each three ranks deep. The
Prussians were the best-drilled infantry of their time. They could fire
at a rate of 5 rounds a minute, compared to the Austrian rate of 3
rounds a minute. Close order drill was crucial to both maintaining a
linear front and maximizing firepower. As Theodore Ropp writes in War
in the Modern World:

“In firing, a man only a few inches out of line would have
his eardrums blown in by the muskets of the men behind him;
a mistake or halt by one unit would open up a fatal gap in
the whole order of battle. Under these conditions the
famous ’‘goose’ or parade step of the Prussian army was of
real military value. The tight knee, the exact tempo and
step enabled the whole line to advance without halting to

dress the line.”29

The greater size of field armies and their use of gunpowder weapons
increased their reliance on lines of supply. Tactics evolved to cut
these vulnerable umbilical cords. Before the late 17th century, armies
did not depend on supply lines as much.39 Ancient commanders such as
Alexander, Hannibal, or Caesar had been able to survive and operate for
years in enemy territory while maintaining only the most tenuous ties
with home.3! By the start of the 18™ century, however, the whole point
of the art of war was to cut the enemy’s lines of communications without

exposing your own.

29 Theodore Ropp, War in the Modern World, Durham, N.C.: Duke
University Press, 1959, p. 50.

30 Even as late as the first half of the seventeenth century,
Gustavus Adolphus did not need major lines of supply. See Martin Van
Creveld, The Art of War: War and Military Thought, London: Cassell,
2000, p. 107.

31 This is not to say they ignored logistical constraints
completely. Armies often marched parallel to a river or coast because
they could not carry all their supplies with them, they rarely
campaigned in the winter, and they camped in areas where pack animals
could graze at the end of the day. For example, Alexander had to rely
on water transport for most of his campaigns around Asia Minor and
Palestine.
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Military thought followed these developments in the field.
Heinrich Dietrich von Buelow’s Geist des neuern Kriegssystems (Spirit of
the Modern System of War, 1799) described how the “line of operations”
runs between the “base” and the “objective” and the key to strategy is
to cut it.32 Jomini built upon Buelow’s work by describing war in
geometric terms. If the goal was to cut the communications of the
enemy, Jomini argued that an army with two different lines of
communications running back to two different bases would be less exposed
to this sort of maneuver than if it only possessed one, particularly if
the lines in question formed an obtuse angle rather than an acute one.
To Jomini, the secret to success in war was sophisticated maneuvering in
accordance with a small number of well-defined, geometrically based
principles.33

The turning movement is an example of a linear tactic that avoids
costly frontal assaults by attacking logistical weakness. In a turning
movement, a force advances beyond the opponent’s flank to threaten his
line of communications (see Figure 3-4). After the defender is
“turned,” he is forced to either attack to protect his communications or
abandon his original position and retreat. Jomini’s “la manoeuvre sur

les derriéres” was a turning movement used by Napoleon.

32 In order to avoid confusion a few definitions are needed. A
line of operations (LoO) is an imaginary line between the force's base
of operations and the objective. A line of communications (LOC) is the
"pipeline" that move supplies and forces. These pipelines are ground,
sea, or air connections between the force and its base of operations.
There is a strong interrelationship between lines of communications and
lines of operations. LOCs enable lines of operations by serving as a
conduit for the materiel that operating bases need to launch forces to
the objective. LOCs may stem from line of operations or from the secured
objectives that a line of operations permits. The commander may have to
shift LOCs to accommodate a desired line of operations, or he may have
to use a line of operations to establish an LOC.

33 creveld, Art of War, p. 141.
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Figure 3-4 - The Turning Movement

Between 1803 and 1815, the Napoleonic Wars spurred several tactical
innovations, including the ordre mixte, a new combination of column and
line formations that increased tactical mobility.3% French infantry
battalions learned to maneuver in a column of men twelve deep and fifty
files wide, then deploy into line formations three ranks deep just
before contact with the enemy. They also trained to remain in column
and assault forward through the enemy line without ever going back to a
line.

The proper use of combined arms was another way to exploit
weakness. During the Napoleonic Wars, bayonet-armed infantry could hold
their ground against cavalry if they formed into squares. A closely
packed infantry square was vulnerable, in turn, to field artillery.
Mobile field cannon could now move forward and engage enemy infantry at

a range of 300 yards, outside effective musket fire but inside canister

and grape shot range.35 Cavalry, in turn, could more easily flank and

34 Column formations were useful on the battlefield because their
more rapid movement facilitated flank attacks and concentration against
weak spots. They moved faster than lines because they do not have to
adjust their alignment as much and they can move around obstacles more
easily. Although a line delivers more fire than a column, a column can
break a line if it advances quickly enough across the killing zone.
Columns are also easier to use for a mass of inexperienced troops.

35 Artillery was improved by stronger and larger wheels, shorter
barrels and lighter weight cannon, better casting methods, more secure
gun carriages and the harnessing of horses in pairs instead of in
tandem. Accuracy was improved by better sights and the introduction of
gunnery tables and inclination markers. Rate of fire was increased by
using pre-packaged rounds. See Jeremy Black, Warfare in the Eighteenth
Century, London: Cassell, 1999, p. 195.
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ride down disorganized and scattered infantry. The use of one branch
created weakness in another branch.
Fifty years after Waterloo, Napoleonic tactics continued to be used

by Union and Confederate forces in the U.S. Civil War, even as

improvements in firearms made these tactics more costly.3¢ The
combination of the percussion cap, rifled muskets, and the Minié ball
doubled the range and accuracy of the infantryman. The new rifled
muskets could fire just as rapidly as the old flintlock smoothbore
muskets at three rounds a minute, but now they could sight out to 1,000

yards.37 Yet Civil War generals failed to appreciate the effect of this

new technology and they continued to order frontal charges across open
ground with massed columns.38

Faced with a hailstorm of lead, soldiers began to adapt, using more
skirmishers and more open formations. As Theodore Ropp notes, “they
advanced in successive rushes, taking advantage of cover whenever
possible-trees, roads, and quickly built log barricades.”3? By the end
of the war, soldiers on both sides were digging in every chance they
got. The nine-month battle for Petersburg, Virginia foreshadowed the
trench warfare in the First World War some 54 years later.

By the mid-19th century railroads and rivers were the primary lines
of supply and the horse and wagon provided the link between railheads
and army units in the field. Strategy and tactics began to revolve
around cutting railroads, which have been called the “bonesg” of
strategy.

In the 1860s and 1870s armies depended on railways for the movement
of men and supplies during the Austro-Prussian and Franco-Prussian Wars.
The telegraph, excellent staff work, and the steam locomotive proved to
be the keys to Prussian success in these wars. Prussian armies used

railroads to mobilize, disperse, and concentrate as needed to encircle

36 In fact, the rifled muskets of the American Civil War killed
more men in action per year (21 men out of 1,000) than the more
sophisticated bolt action rifles of WWl (12 out of 1,000) and the rifles
of WW2 (9 out of 1,000).

37 No longer could artillery unlimber within 300 yards and shoot at
infantry with relative impunity since riflemen now outranged them.

38 A favorite assault formation was a brigade of four regiments,
each drawn up behind the next in a “column-of-divisions,” with intervals
of 50-150 yards between regiments, each regiment deployed in two ranks.
Two companies of the ten companies in each regiment were deployed as
skirmishers. See Larry Addington, The Patterns of War Since the
Eighteenth Century, Bloomington: Indiana University Press, 1994, p. 71.

39 Ropp, War in the Modern World, p. 181.
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their adversaries at the operational level.%® Railroads also provided

the volume of supplies necessary to support much larger concentrations

of men. By the second half of the 19th century, armies of a quarter of
a million men and more had become commonplace.

Improvements in weapon lethality during this period, such as the
widespread adoption of breech-loading rifles, forced combat formations
to drop the close order bayonet charge from their tactics and adopt a
more open order. Soldiers could also fire from the prone position and
reload through the breech rather than stand and reload through the
muzzle. Movement on the battlefield now took place as a series of
rushes by parts of the line. All infantrymen became skirmishers. Small
unit leadership played a more prominent role as close packed battalion
formations articulated into smaller companies and infantrymen sought

cover and concealment.4l

Weapon lethality began to accelerate by the end of the 19" century.
Bolt action, magazine-fed rifles could fire up to sixteen aimed shots a
minute. Artillery was revolutionized by breech-loading, rifling, new
recoil mechanisms, smokeless powder, indirect fire clinometers and dial
gsights, and high explosive shells. And the fully automatic machine gun
was perfected. The water-cooled maxim machine gun could fire 400 rounds
a minute and was light enough for a crew of three to carry it.

By the time the First World War broke out in 1914, these advances
in weapon lethality would ensure the preeminence of the tactical
defense. The war began with a German attempt to implement the
Schlieffen Plan, an ambitious offensive to strategically envelop the
French armies within six weeks. In the event it failed for a number of

40 The Prussians adapted their rail system for military use.
Railroad wagons were equipped with detachable benches so that seats
could be removed and soldiers crammed inside in the event of
mobilization, and freight cars were fitted with rings and breakaway
partitions to accommodate cavalry horses and gun carriages. Lines were
double tracked in some cases to permit movement in two directions along
the same railway. Also, Prussia owned six railroads that pointed to the
Austrian frontier, compared to one for their opponent. German General
Moltke assumed correctly that this gave him a six week head start
againgt the Austrians, enough to beat Austria to the draw and overrun
Saxony, seize its vital north-south railways, and pass through the Giant
Mountains and into Bohemia, the granary and industrial core of the
Austrian Empire. See Geoffrey Wawro, The Austro-Prussian War: Austria's
War with Prussia and Italy in 1866, Cambridge: Cambridge University
Press, 19%6, p. 17.

4l gee Historical Trends Related to Weapon Lethality, p. 19.
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reasons, primarily a lack of operational mobility.%? As both sides dug
in, high force-to-space ratios allowed them to extend their flanks until
no flanks existed, forcing a stalemate on a single linear front. This
front rarely shifted more than a few miles for the next three years. 1In
the East, warfare was slightly more fluid because the force-to-space
ratio was much lower.

On both fronts warfare remained quite linear. One could argue that
in the First World War linear tactics reached a zenith, more so than the
18™ century.4® Infantry attacked in successive lines or waves because
it maximized firepower and because it was easier to time and coordinate
artillery barrages in support of the advancing infantry. At the Battle
of the Somme, British corps, divisions, regiments, and battalions were
assigned a path of standard width and length across which they were to
advance slowly and deliberately so as to avoid disturbing troop
alignment, toward prescribed objectives to be reached within a
prescribed period of time. Each artillery battery was also assigned its
own “lane” running perpendicular to the front, where it was to
concentrate its fire in that lane alone, until the proper time to shift
forward to the next planned target. Offensives were methodical because
infantry advance depended on artillery preparation. Curtains of fire
preceded attacking infantry lines according to pre-established
timetables.

If a breakthrough was achieved, the infantry had to halt after
about 2,000 - 3,000 yards so that artillery could be moved forward to
support the next assault. This was the fundamental tactical mobility
problem of the First World War - infantry supported by artillery could
capture the first or second trench line (especially if a short artillery
bombardment and good operational security maintained surprise) but
forward movement was restricted to muscle power. At the end of the war
the problem was not how to break the enemy front but how to maintain

forward movement and an unbroken pursuit.

42 The Schlieffen Plan of the First World War failed because the
Allies had superior operational mobility over the invading German
armies. As the Germans advanced they found only destroyed railways,
while the Allies used interior lines, intact railways, and undamaged
roads to concentrate reserves and establish new lines of defense.
German horses and wagons alone could not supply the required ammunition.
Motor transport was still too primitive to be effective.

43 The author bases this assertion on the static, methodical,
siege-like nature of combat on the Western front, the absence of
tactical mobility and operational breakthroughs, the slow-moving
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Both sides sought to answer the “riddle of the trenches” and end
the dominance of linear defensive tactics based on barbed wire
obstacles, trenches, bolt-action magazine rifles, machine guns, and
howitzers. Primitive tanks and poison gas saw limited success with
their first appearance; after surprise was lost, enemy countermeasures
reintroduced a deadlock. The allies tried massive artillery barrages
(the British fired 1.6 million shells for seven days before launching
their Somme offensive in 1915) but the Germans learned to not pack the
front line trenches full of infantry where they could be blown up or
buried alive; rather, they used an elastic defense with a thin outpost
line at the front.4%¢

It was because of this dominance of linear tactics that the Germans
turned to a maneuver warfare school of thought that embraced a more non-
linear approcach. In the First World War the application of maneuver
warfare theory resulted in infiltration or Hutier tactics; in the Second
World War, it resulted in Blitzkrieg. Later in the 20" century, as the
microelectronics revolution increased the lethality of modern munitions
and the ability to detect and track targets, Russian, Israeli, and
American thinkers continued to evolve maneuver warfare doctrine towards
a more dispersed, non-linear battlefield.

The vestiges of the linear warfare approach are still with us
today. For example, modern staff officers plan military operations
using linear graphics overlaid on a map to coordinate fire and movement.
These linear command and control measures - called fire support
coordination measures (FSCMs) - facilitate command and control and
reduce the chance of fratricide because they help coordinate all the
fires from adjacent ground formations, artillery positioned deep in the

rear, and aircraft overhead (see Figure 3-5) .45

logistical transport from railheads, and the centralization of command.
See the appendix on siege warfare for further thoughts on this point.

44 The Germans positioned additional lines of trenches, dugouts and
concrete bunkers further in the rear so the main defensive effort
occurred between the second and third line. Infantry dispersed out of
their easily targeted strongpoints and into shell holes during
bombardments. Command was decentralized further as battalions dispersed
into defensive positions as companies and platoons.

45 For example, command and control measures such as the forward
line of troops (FLOT), fire support coordination line (¥FSCL), and
forward edge of the battle area (FEBA) are all lines drawn on a map that
help commanders coordinate fires and forces.
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Figure 3-5 - Linear Control Measures Today

Note: Zones of fire (2Fs) are created by unit boundaries. Boundaries

designate the geographical limits of the area of operation (A0) of a

unit. Phase lines (PLs) are used to identify limits of advance, define
an AO, or control fires. Restrictive fire lines (RFLs) are established
between converging friendly forces in order to prohibit fires across a

certain line without coordination with the other force. The
coordinating fire line (CFL) is a line beyond which mortars, field
artillery, and naval gunfire ships may fire at any time without
additional coordination.

There were occasions in Western military history where warfare was

not so rigidly linear, including guerrilla warfare and raiding

operations. These primarily occurred when centralized authority was

weak (the English and French both used mostly raids in the Hundred

Year’s War in the 14" and 15% centuries), when the primary goal was to

plunder rather than seize and hold territory (Vikings sea- and land-

based raids in the 8™-11" centuries), or when one side was so inferior

they had to resort to guerrilla war as an asymmetric response

Franks against the Western Roman Empire, 4

(Goths and

and 5" centuries; American

Revolutionary War, 18" century; Peninsular War against Napoleon, 19
Y .

century). These sources of non-linearity will be discussed in the next

chapter.
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CONCLUSION

In summary then, the history of warfare up until the 20" century
was mainly about fighting in a single direction, increasing lethality
and reliance on missile weapons, and a corresponding linearization of
army fronts at the tactical-operational level. Linear tactics were
preferred when the objective was to seize and hold territory or to
destroy the opposing army in a major land battle. Our Western art of
war largely reflects this experience. Guerrilla warfare was a source of
non-linear tactics, but it has been the exception rather than the rule

in the West. Finally, few Western forces have ever tried swarming.
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4. HISTORY OF NON-LINEAR WARFARE

"I acknowledge that my prejudices are in favor of the good
old times when the French and English Guards courteously
invited each other to fire first-as at Fontenoy-preferring
them to the frightful epoch when priests, women, and children
throughout Spain plotted the murder of isolated soldiers.”

- Antoine Henri Jomini

INTRODUCTION

Now that we have traced the history of linear warfare, it is time
to define and trace non-linearity. This chapter describes three major
sources of non-linearity: maneuver warfare, guerrilla warfare and other
special operations, and swarming. Indeed, two recent conflicts -
Operations Enduring Freedom (2001) and Iragl Freedom I and II (2003-
2004) - witnessed one or more of these sources: the deep insertion of
numerous special operations forces, an extremely rapid march of maneuver
forces on diverging axes, and enemy adoption of guerrilla and swarming

tactics.

DEFINING NON-LINEAR WARFARE

Our definition for non-linear warfare follows from the last
chapter: An army uses non-linear tactics if it conducts offensive
operations in multiple directions at the tactical-operational level. As
we shall see in the historical discussion below, there are certain
attributes associated with multi-directional fighting. Tactics that
require rapid or stealthy maneuver, such as raids, ambushes, feints,
sweeps, retrograde operations, and encirclements, are more common in
non-linear operations. Non-linear operations are also more fragmented,
dynamic, and maneuver-based. There is no line of adjacent friendly
units stretching left and right; no stable front, flanks, and rear.
Linear warfare, in contrast, is more static, methodical, attrition-
based, and siege-like. Armies or units that use linear tactics
generally are better protected (heavier), less mobile, possess greater
close combat power, and rely on thicker and more stable lines of supply

than armies that normally use non-linear tactics.
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SOURCES OF NON-LINEAR WARFARE

There seem to be three primary sources of non-linearity in the
history of warfare: maneuver warfare, guerrilla warfare and special
operations, and swarming. In the first source, a clear trend towards
more non-linear operations can be traced, beginning with the maneuver
warfare practiced by the Wehrmacht and Red Army in the World Wars, and
continuing with the development of Operational Maneuver Groups (OMGs)
and the AirLand Battle doctrine of the Soviet and American armies from
the 19808 and 1990s. The second source of non-linearity is guerrilla
warfare and special operations such as counterinsurgency, airborne, and
airmobile operations. Finally, swarming is a third source of non-
linearity. Similar to guerrilla tactics, yet also different in critical
ways, swarming is the most radical, complex, and sustainable form of

non-linear fighting.
Maneuver Warfare

In the two World Wars, the Germans developed maneuver warfare
tactics that were based on multiple penetrations of an opposing linear
front using highly mobile units that did not advance as a line. German
units attacked not as a single wave or line of combat power, but rather
more like multiple spear thrusts without regard to left-right alignment.
During the course of these operations, combat would temporarily shift
into a non-linear “phase” for those units that were the first to break
through and race into the enemy rear. In the fluid environment at the
leading edge of the attack, units had to be prepared to fight in any
direction, their supply lines were tenuous, and other friendly units
were not necessarily within easy reach.

But this non-linear phase was always temporary. The defeated side
would hand over enough space to buy time to reestablish a new defensive
line deep in its own rear, thereby re-imposing a linear front for both
armies (see Figure 4-1). No matter how successful a non-linear phase
was, its duration and depth was always limited by logistics. A new

linear front always rematerialized between the two armies and the phase

ended.
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Figure 4-1 - Viewing Non-linearity as a Phase

The first example of maneuver warfare is the infiltration or Hutier
tactics employed by the Germans on the Western Front in the First World
War.

Infiltration! Tactics in the First World War

Late in the First World War, German infiltration assault tactics
proved their worth. Specially trained “storm troopers” spearheaded the
overall German infantry assault by infiltrating the “soft spots” in the
opposing line. Infiltration tactics were a sort of infantry blitzkrieg,
where the object for the lead troops was to bypass points of resistance
and push forward as much as possible, following the path of least
resistance. It was the job of follow-on units to reduce bypassed enemy
strong points.

Infiltration tactics began with a short but intense artillery
bombardment of fire, gas, and smoke to cover the infantry advance, tear

gaps in the wire, wreck field fortifications, and destroy command and

1 Infiltration tactics were popularly called Hutier tactics after a
German officer by the same last name that used them well but did not
invent them.
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communications centers. Next, the first echelon of assault units flowed
forward in small, loose groups, bypassing centers of resistance and
penetrating down defiles or between outposts into the enemy position,
seeking enemy weak spots in the rear. The infantry advanced in rushes,
rather than in waves or lines, covering each other with small arms
fire.? Assaulting infantry were given no prearranged tactical
objectives beyond the initial ones, and they did not have to maintain

alignment with their neighbors on both sides (see Figure 4-2).3

1) Hurricane artillery barrage preparation
of poisenous gas, smoke and high
explosive shell

“~ 4) Regular infantry troops and reserves
clear trenches, relieve storm units

=~ 3} Support troops mop up
centers of resistance

2) Storm troops infiltrate
and by pass

A P o i o g

Figure 4-2 - German Infiltration Assault Tactics?

In contrast, the allies used linear tactics that called for
carefully dressed lines attacking towards objectives straight ahead, the
men forbidden to deviate left or right. The rate of forward movement
was carefully timed with artillery barrages, and the linear front was
never deviated from, each unit a part of the line, responsible for its

prescribed frontage.

2 The storm troops were also armed with weapons such as portable
mortars, light machine guns, grenade launchers, flamethrowers, and light

cannon.
3 Although the battalion is still the assault formation,

articulation is down to sections of a dozen men commanded by an NCO.

See Creveld, Command in War, p. 183.
4 Copied from Thomas Griess, ed., The Great War, Wayne, New Jersey:

Avery Publishing Group Inc., 1986, p. 136.

52




Infiltration tactics enabled the Germans to break clear through
Allied lines in many cases. During the Ludendorff offensive of March
and April 1918, the Germans used infiltration tactics to advance 40
miles deep on a 50 mile front - a feat without parallel in the stalemate
period.5 However, tactical breakthroughs were limited because the
infantry still depended to some extent on creeping artillery barrages.
After an initial advance, horse drawn artillery had to be moved forward
to support the next attack, a slow process that allowed the defender
time to regroup, reconstitute his front, and restore the stalemate using
interior lines and railways.

By the end of the First World War, infiltration tactics had
demonstrated the effectiveness of maneuver warfare concepts. Greater
dispersion was used, the infantry line now moved forward in small teams
using the modern bounding technique, and articulation improved as squads
and platoons became standard in all armies.

In the inter-wars years between the First World War and the Second
military theorists such as J.F.C. Fuller, Liddell Hart, and Heinz
Guderian laid the intellectual foundations of Blitzkrieg. Taking a page
from Infiltration tactical methods, this next version of maneuver
warfare emphasized the avoidance of costly frontal attacks and a more
“indirect approach.”® Technologies that had been too primitive before -
the airplane, tank, and motor truck - were now mature enough to support

this kind of doctrine.

Blitzkrieg in the Second World War

With the invasion of Poland in 1939, the Germans showed the world
that they had solved the fundamental tactical mobility problem from the
First World War. With a combination of radios, tanks, trucks, and close
air support, Panzer (armored) divisions now had the mobility and

logistical motor transport required to penetrate 300 kms or more from

5 Robin Prior and Trevor Wilson, The First World War, London:
Cassell, 1999, p.172.
6§ See Liddell Hart, Strategy, London: Faber & Faber Ltd., 1954.
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the last railhead before having to halt, much further than the 2-3,000
meters limit of infantry and horse drawn artillery in 1914.7

The Germans concentrated their armor in Panzer divisions, unlike
the French who spread their tanks amongst their infantry divisions so
they could be used as an infantry support weapon (as they were in the
First World War). Panzer units were comprised of tank brigades,
motorized infantry, artillery, and engineers. Trucks were used to carry
infantry and tow artillery. Tanks were used for infiltration tactics to
concentrate against weak points, make deep tactical penetrations, and
flank or turn strong points. The fairly small artillery components of
the Panzer divisions were used as antitank forces or against enemy
antitank defenses. Artillery was replaced, insofar as possible, with
the dive bomber.8

At the start of the campaign, the Germans would locate the weak

points of an enemy front and mass combined arms teams at a narrow

portion in order to break through the defensive line.? Fast moving
armored columns would exploit the breach and race to the enemy rear to
destroy “soft” command posts and supply centers. Enemy strongpoints
were bypassed by the breakout columns. Follow-on forces would expand
the breaches in the enemy line, fan out to encircle bypassed enemy units
and seal them as tight as possible, and finally destroy these pockets in
concentric battles, freeing the tank spearheads for further
exploitation.® As Liddell Hart put it:

“The Blitzkrieg was aimed to cut the enemy’s main arteries of
supply far back, and thus produce the collapse of his army,
while spreading demoralization in the hinterland-and in the
opposing government....The essential elements were:
combination of low-flying attack with the armor; keeping up a
continuously fast pace by a torrent-like process of by-
passing resistance or varying the thrust-point; pushing on by

7 To be sure, in the Second World War the Wehrmacht was still made
up of horse drawn artillery and marching infantry, but it was the job of
the few Panzer divisions that did exist to spearhead the assaults and
achieve these unprecedented penetrations.

8 Ropp, War in the Modern World, p. 302.

9 Along with thrust points on the ground (Schwerpunkt), the Germans
selected air thrust points (Luftschwerpunkt) to coordinate air and
ground forces on a large scale. See Chris Bellamy, The Evolution of
Land Warfare: Theory and Practice, London: Routledge, 1990, p. 86.

10 Both sides found it difficult to assemble these follow-on forces
in time to prevent some encircled forces from escaping. David M. Glantz
and Jonathon M. House, When Titans Clashed: How the Red Army Stopped
Hitler, Lawrence, Kansas: University Press of Kansas, 1995, p. 28 and p.

53.
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night without pause; keeping the enemy puzzled as to the real

objective by threatening several simultaneocusly.”1%

The keys to Blitzkrieg were speed and tempo, retaining the
initiative, concentration of forces on a narrow front, decentralized
command, and a focus on disruption and dislocation rather than fighting
attrition battles. It is ironic that the distinguishing feature of
Blitzkrieg (and maneuver warfare in general) is the avoidance of
battle.12

One way that German Panzer divisions sought to encircle the enemy
and trap a pocket of enemy troops was through giant pincer movements
(see Figure 4-3). After the jaws of the pincer closed, the attacker had
to create two encirclements - an inner one to hold the surrounded force
and reduce it, and an outer one to ward off any efforts to relieve the
encircled units.13 These encirclements were usually at the operational
level, where divisions, corps and armies were trapped in pockets that

were many miles in diameter.

Figure 4-3 - Blitzkrieg

11 From a letter by Liddell Hart, quoted in Ropp, War in the Modern
World, p.301.

12 Richard Simpkin, Race to the Swift: Thoughts on 21st Century
Warfare, London: Brasey's Defence Publishers, 1985, p. 34.

13 Bellamy, Evolution, p. 93; Jonathan House, Towards Combined Arms
Warfare: A Survey of Tactics, Doctrine, and Organization in the
Twentieth Century, Combat Studies Institute, Ft. Leavenworth, 1984, pp.
129-130.
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Source: Based on Chris Bellamy in Evolution of
Modern Land Warfare, p. 94, and Jonathan House,
Combined Arms Warfare, p. 130.

Operation Barbarossa, the German campaign to invade and destroy the
Soviet Union, was the heyday of Blitzkrieg.l4¢ On June 22, 1941, the
greatest land war ever fought began when 142 German divisions attacked
the Soviet Union.l13 The Germans encircled pockets of Soviets at Minsk
in June (324,000 Soviet troops captured), Smolensk in July (300,000
Soviet troops captured), Kiev in September (600,000 Soviet troops
captured), and two more pockets at Bryansk and Vyazma in October

(another 600,000) .16

Soviet Deep Operation Theory

The Russians can alsc claim the independent development of a
doctrine based on maneuver warfare. During the course of the 1920s and
early 1930s, a group of Soviet officers led by Marshal Mikhail
Tukhachevsky developed the concept of “Deep Battle” or “Deep Operation.”
Like their German counterparts, Russian theorists viewed the tank as an
integral part of a combined arms team, rather than simply as a support
weapon to the infantry. Tanks were to be used in three roles: some
tanks would help infantry and artillery forces break-in and create a
penetration; others would conduct short-range exploitations and
breakthrough; and still others, operating in large combined arms
mechanized formations, would break-out into the operational depth,
thereby cutting the enemy’'s communications and destroying major logistic
dumps, army headquarters, operational reserves, and long-range artillery
deep in the rear.l?” Figure 4-4 shows a simple schematic of a three

echelon deep battle.l8

14 Blitzkrieg was not a German military term, but was invented by
an American journalist after the Polish campaign in 1939. When Hitler
heard it he said it was a “a very stupid word.” Bellamy, Evolution, p.
91.

15 There were 19 panzer, 14 motorized infantry, 4 light, 2
mountain, 2 cavalry, and 102 infantry divisions in the initial assault.
For a size comparison, remember that the United States only mobilized 90
Army divisions during the course of the entire war.

16 gee Albert Seaton, The Russo-German War 1941-1945, Novato, CA:
Presidio Press, 1993, and Alan Clark, Barbarossa: The Russian-German
Conflict 1941-45, New York, NY: W. Morrow, 1965.

17 In effect, units were arranged by echelon to break-in,
breakthrough, and break-out. The Soviets thought however that the
greatest operational success occurred when the largest tank units were
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Figure 4-4 - Soviet Deep Battle

As figure 4-4 showg, deep operation theory called for the
deployment of three or more echelons of Soviet forces, arrayed in one
narrow sector of a front to achieve local superiority, penetrate the
opposing linear front, and breakthrough into the operational depth using
successive operations. The first echelon was basically a holding force; ,
the following echelons were all designed to mutually reinforce each ‘
other, create a penetration corridor, widen and reinforce it, and race
through.

Unfortunately for the Red Army, the concepts of Deep Battle and
Deep Operation fell into ill repute when Stalin decided to execute and
imprison 30,000 of his 80,000 officers between 1937 and 1941, including
Tukhachevsky. The purges smashed the morale of the Red Army and left a

hollow military establishment, ripe for defeat in 1941.1°

not used for the tactical penetration. It was important to get the
mobile tank and mechanized forces through the penetration corridor as
quickly and smoothly as possible to maintain tempo and reach operational
depth. See Richard Simpkin, Deep Battle: The Brainchild of Marshal
Tukhachevskii, London, UK: Brasey's Defence Publishers, 1987, p. 50 and
62; Simpkin, Race to the Swift, pp. 38-40; and David M. Glantz and
Jonathan M. House, When Titans Clashed: How the Red Army Stopped Hitler,
Lawrence, Kansas: University Press of Kansas, 1995, p. 8.

18 Copied from Simpkin, Race to the Swift, p. 38.

19 @lantz and House, When Titans Clashed, p. 11.
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Soviet style maneuver warfare would be reborn during the course of
the Second World War. The Soviets both learned from the Germans and
resurrected Tukhachevsky'’s prewar concepts. Eventually Soviet
operational plans called for encirclements outside other encirclements,
with combined-arms armies creating a shallow penetration and
encirclement of one or more German corps immediately behind the main
German defense lines, while tank armies bypassed these struggles,

straining to achieve larger encirclements.29

Although Soviet deep operations were not truly effective until
1943, the Soviets were able to achieve striking success in earlier
operations, most notably Operation Uranus, fought in and around
Stalingrad between November 1942 and February 1943.21 probably the most
famous encirclement battle of the war, this was the first time the
Soviets managed to encircle and destroy a German army. In the initial
attack, it only took the Russians about ten days to penetrate Axis
defenses to the east and west of Stalingrad and encircle twenty two
German divisions totaling about 330,000 men in a pincer movement (see
Figure 4-5.22 A brutal urban battle was fought within the city over the

next 14 weeks as the Soviets reduced and destroyed the German pocket.

20 1bid., pp. 156-157.

2l By 1942 the Soviets had created mechanized corps that were
roughly equivalent to a German panzer division (up to 200 tanks). These
formations were capable of making limited penetrations and encirclements
of up to 100 km. Later tank armies possessed the size to exploit
penetrations up to 500 km.

22 Note the Soviet double pincer in white surrounding the Germans
on the west bank of the Volga River; the German pocket is in bright
white and later German counterattacks are represented by black arrows.
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Figure 4-5 - Stalingrad Pocket (1942)

Source: Glantz and House, When Titans Clashed: How the Red Army
Stopped Hitler, Lawrence, Kansas: University Press of Kansas,
1995.

Operational Maneuver Groups (OMGs)

The next major step in the evolution of maneuver warfare concepts
was the OMG concept, which came to maturity in the 1980s but was really
born out of the mobile tank operations and Soviet deep operation theory
of the Second World War.23 The Soviet High Command recognized that
advances in mobility and firepower made even more rapid and deeper
penetrations possible, but the tank armies of the day were too
cumbersome.2? They designed the operational maneuver group to be small
enough (about 500 tanks) to maneuver deep in the rear area yet powerful
enough to fight for operational objectives. Forward detachments would
pave the way for the OMGs, leading them through the fragmented tactical
defense and into the operational depth. OMG doctrine was basically
evolutionary. Just as the mobile break-out forces did in the Second

23 The Soviet tank armies of the Eastern front between 1943 and
1945 were the prototypes of the OMG concept. Chris Bellamy has even
traced the roots of the OMG concept back earlier to 19" Century Russian
Cossack raids. The Imperial Russian cavalry had a long tradition of
conducting deep raids with mobile cavalry forces, usually to cut
railroad communications in the enemy rear. See Bellamy, The Evolution
of Modern Land Warfare, pp. 121-190.

24 gimpkin, Deep Battle, p. 72.
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World War, OMGs were designed to thrust deep into NATO’s rear area,
avoid enemy combat formations, and paralyze and unbalance the enemy by
attacking his soft spots. It was even thought that surface forces could
link up with ailr-dropped or air-landed troops far in the NATO rear and
allow OMGs to sever themselves from the main holding forces for an
uncertain period of time.

The main difference between Deep Operations and OMG doctrine was
that technology had now brought Tukhachevsky’s old goal of simultaneity
- of “applying force simultaneously over the whole depth of the enemy
layout”?5 - closer to reality. Simultaneity can be achieved either
with fire (what we call today “maneuver by fire” or “massing fires
rather than massing forces”) or with mass. Improved joint operations,
precision targeting, and long-range fires made the former possible;
rotary-wing aviation, airborne assault brigades, and Spetsnaz made the
latter possible. Using airmobile and airborne operations to seize river
crossings, defiles, and other key objectives ahead of the forward OMG
elements would increase the speed and tempo of the ground-based

breakout .26

AirLand Battle

25 Ibid., p. 253.

26 A more radical idea is to render not just light dismounted
forces airmobile, but ground mechanized forces as well. Writers such as
Tukhachevsky, Richard E. Simpkin, and Ferdinand von Senger und Etterlin
developed the idea that airlifting or airdropping armored formations
would provide the operational mobility necessary to make the next leap
forward in maneuver warfare theory. Called “airmechanization,” the idea
was actually implemented by the Russians, Germans and British in the
1980s and 1990s using existing rotary wing aircraft to transport small
armored vehicles. One of the most recent iterations of this idea,
called “Air-Mech-Strike,” is being promoted by writers such as David L.
Grange, Huba Wass de Czege, Richard D. Liebert, and Chuck Jarnot. They
envision light armored vehicles capable of being air-landed, airdropped,
or helicopter-inserted to “vertically envelop” the enemy and reach
operational depths without having to break through a linear front. See
Brigadier General David L. Grange, US Army, Retired; Lieutenant Colonel
Richard D. Liebert, US Army Reserve; and Major Charles A. Jarnot,
“Airmechanization”, Military Review, July-August 2001; and Charles A.
Jarnot, Air Mech XXI: New Revolution in Maneuver Warfare, School of
Advanced Military Studies Monograph, U.S. Army Command and General Staff

College, 1993.
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The threat of a massive Soviet conventional invasion of Western
Europe during the Cold War, in particular the OMGs, prompted the U.S. to
develop a new doctrine called AirlLand Battle in 1982. Based on the game
principles of maneuver warfare that Blitzkrieg and Deep Operations
shared, AirLand Battle emphasized the operational level of war and a
focus on the “deep battle” - the application of long-range fires behind
the enemy's lead forces in order to destroy or delay the echelons of
Soviet troops arrayed deep in the rear. Also called "follow-on-forces
attack" (FOFA), this approach required a more non-linear application of
fires throughout the depth of the battlefield. Simultaneous deep fires
would also facilitate the breakout and maneuver of mobile forces into
the operational depth so they could also attack follow-on echelons.27
Maneuver warfare was no longer just a matter of punching holes in an
opposing front with direct fire attacks and racing armored columns into
the rear to seek the enemy’s command and control and logistics; it now
included the location of soft targets using air- and space-borne sensors
and their destruction by remote precision fires.

In the late 1980s and early 1990s, AirLand Battle continued to
evolve, serving as a blueprint for success in the Persian Gulf War in
1991. The latest incarnation, FM 3-0, Operations (June 2001), serves as
the basis for U.S. Army doctrine today.2?® This manual recognizes that
“Non-linear operations are now more common than ever” and several
chapters include sections on how to conduct non-linear operations.
Commanders are warned to balance the massing of maneuver units (to apply
combat power) with the dispersion of units (to avoid enemy long-range

precision fires). Non-linear operations may call for “smaller, lighter,

27 Robert H. Scales, Certain Victory: The U.S. Army in the Gulf
War, Washington, DC: Brassey's, 1994, p. 26.

28 According to Lt. General William Steele, FM 3-0 is the most
significant shift in Army Doctrine since the 1982 version and it will
serve as the doctrinal foundation for the Army transformation to the
Objective Force in early decades of the 21* century. Quote from Dennis
Steele, "“The Army Launches an Attack-Focused Doctrine for the Joint
Fight,” Army, August 2001, pp. 41-42.
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more mobile, and more lethal forces” that can conduct “simultaneous
operations against multiple decisive points.”29

Clearly, the future of maneuver warfare is headed down a path
towards greater non-linearity and dispersion. Infiltration tactics,
Blitzkrieg, Deep Operations, OMG, AirLand Battle, and FM 3-0 demonstrate
how the art of war has been evolving in this direction for 60 years.
The evolution continues today at an intellectual level in war colleges,
universgities, battle laboratories, and research institutions like RAND.
Recent research such as the Army After Next (AAN) program and TRADOC and
SARDA work on “air mechanized” forces continues to search for the next

revolutionary leap. Whether this leap is at hand remains uncertain.

Guerrilla Warfare and Special Operations

Guerrilla warfare offers another source of lessons for non-linear
tactics. Like swarming, guerrilla warfare emphasizes movement and
evasion over direct and sustained confrontation. Guerrillas rely on
their stealth to conduct surprise raids and ambushes and then quickly
withdraw because they do not have heavy weapons or armor. Basic
guerrilla tactics are the raid and ambush. In this broad category one
might include airborne, ranger and counterinsurgency units as well.
Special operations units utilize raids and ambushes and operate like
guerrilla units either because they are fighting guerrillas or because
they must avoid enemy conventional forces. For example, the g2™
Airborne division was widely dispersed over Normandy in 1944 and by
necessity had to swarm towards their objectives.

Guerrilla wars have been very common throughout military history.
This is not surprising, given that guerrilla tactics are simply the
common sense tactic of the weak versus the strong.3® QGuerrilla hit-and-
run tactics were used by partisans in the West - for example, the
Americans in the Revolutionary War (1776-1783), the Spanish and Russians
in the Napoleonic Wars (1808-1813), and the Soviets and Yugoslavians in
the Second World War. Guerrilla warfare was also common outside the
West, in countries such as in India, Algeria, the Caucasus, Morocco,
Burma, New Zealand, and the Balkans, where native irregulars usually

29 pepartment of Army, Operations, FM 3-0, Washington, DC: U.S.
Government Printing Office, June, 2001, Chapter 5, 6, 7, and 8.
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tried, in wvain, to prevent colonization by the great Western powers in
the 19" and 20" centuries. The most recent and dramatic examples have
occurred in Asia (China, 1937-1945 and Vietnam, 1954-1975). Indeed,
some scholars argue that guerrilla fighting will be the prevalent form
of conflict in the future because of the presence of nuclear weapons.3!
Guerrilla tactics are relevant to this study because of their non-
linear, dispersed nature. Guerrillas do not maintain a linear front nor
do they rely on major lines of communications; they fight a war without
fronts. They disperse and move in small groups to remain undetected and
avoid direct confrontation with superior concentrations of enemy forces;
they use harassment, raids, and ambushes to attack enemy lines of supply

and isolated detachments.32 Rapid concentration is followed by equally

30 As Liddell Hart stated: “In the past, guerrilla war has been a
weapon of the weaker side, and thus primarily defensive,” (Hart,
Strategy, p. 367).

31 In The Transformation of War (New York: The Free Press, 1991)
Martin Van Creveld argues that the use of armed force as an instrument
for attaining political ends by major states is less and less viable
because of the presence of nuclear weapons. Although the book was
published at an unfortunate date (published as it was just before the
onset of the Persian Gulf War), it does raise several telling points.
In every volatile region where conventional wars used to be fought (such
as the Middle East, South Asia, and China’s periphery), the introduction
of nuclear weapons has coincided with a marked decline of conventional
war. The new dominant form of war is low intensity conflicts (LICs).
Since 1945, about three-guarters of the 160 armed conflicts worldwide
have been non-conventional or of the “low intensity” variety. Van
Creveld goes even further and hypothesizes that LICs have also been more
politically significant than conventional wars, both in terms of
casualties and territorial boundaries; that major states have lost the
vast majority of these wars; and finally, that the rise of the LIC will
render the military forces of major states irrelevant because
conventional military power based on high tech tanks, artillery, and
airpower is all but useless against insurgents.

32 Guerrillas do need bases and sanctuaries for units to recover
from battle, reorganize, and rest. It is these areas that need access
to a steady flow of supplies, not the mobile units in the field.
Guerrillas also like to operate or base themselves in terrain that is
difficult for enemy mechanized units, typically mountains,’forests, and
swamps. Even as late as World War II the mountains of Greece and
Yugoslavia, and the forests of Poland and Russia, were sufficiently
inaccessible to afford considerable scope for guerrilla attacks against
German-used roads, railroads, and communications. By contrast, no
guerrilla movement of any significance was able to arise and maintain
itself in any of the technologically advanced Western countries overrun
by the Wehrmacht, crisscrossed as they were by modern roads and
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rapid dispersion. Surprise attacks are followed by immediate retreat.
Ubiquity and intangibility are their bywords. One soldier who fought
guerrillas in Spain in 1808-1813 wrote, “Where ever we arrived, they
disappeared, whenever we left, they arrived - they were everywhere and
nowhere, they had no tangible center which could be attacked.”33

In the 20™ Century, the writings of Lawrence of Arabia, Lenin, Mao
Tse-tung, Vo Nguyen Giap, and Che Guevara established a body of
principles for guerrilla tactics and revolutionary warfare for the first
time. 1In The Seven Pillars of Wisdom, T.E. Lawrence emphasized that
irregular forces must use dispersion, mobility, speed, and surprise to
attack regular armies’ lines of supply. Lawrence trained his Arab
guerrilla units to be an elusive force that would form “..an influence, a
thing invulnerable, intangible, without front or back, drifting about
like a gas.”3% Dispersion and mobility allowed his lightly armed units
to avoid the punitive expeditions sent out after them, and speed and
surprise allowed him to attack the enemy'’s lines of communication, his
flanks, his foraging parties, and his isolated garrisons. He knew that
guerrillas should never endure an attack; in other words there is no
such thing as tactical defense for a guerrilla unit.

Guerrilla warfare also influenced Eastern writings on the art of
war, especially in the 20th century when Asian armies faced
technologically advanced conventional forces from the industrial West.
Although Eastern societies were not the first to use guerrilla tactics,
they readily adopted this classic strategy of the weak when it was
necessary. Their main contribution was to integrate guerrilla and
large-scale orthodox war. The transition and interplay between
guerrilla and regular forces was a distinctive feature of the Vietnam
War.

The emphasis on movement and evasion in Sun Tzu’s The Art of War
suits the nature of guerrilla warfare. Sun Tzu stressed that an army
should be flexible and act like water. “Now an army may be likened to
water, for just as flowing water avoids the heights and hastens to the

lowlands, so an army avoids strength and strikes weakness.”35 If you

telecommunications. See Martin Van Creveld, Technology and War: From
2000 BC to the Present, New York: The Free Press, 1989, p. 302.

33 Walter Laqueur, Guerrilla: A Historical and Critical Study.
Boston, MA: Little, Brown and Company, 1976, p. 40.

34 gee Robert B. Asprey, War in the Shadows: The Guerrilla in
History, Volume 1, New York: William Morris and Company, 1994, p. 184.
35 For Sun Tzu, flexibility and intelligence are the keys to

gsuccessful action. He also suggested using five different types of
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are weaker than the enemy, avoid him, harass him, and draw him into
terrain that is unfavorable for him.

Mao Tse-tung studied Sun Tzu and his writing in On Guerrilla
Warfare and On Protracted War reflects that influence: “the guerrilla
must move with the fluidity of water and the ease of the blowing wind.”
He wrote:

“When guerrillas engage a stronger enemy, they withdraw when
he advances; harass him when he stops; strike him when he is

weary; pursue him when he withdraws.”36

But Mao and the other writers on guerrilla war who followed (Vo
Nguyen Giap and Che Guevara) were not so much interested in the military
value of non-linear and dispersed tactics as they were in the idea of
revolutionary war. Mao described a theory that showed how to overthrow
a political regime through the integration of guerrilla tactics, large-
scale conventional operations, and underground political cadres.3? The
revolutionary nature of guerrilla wars translates to a political
struggle to win the “hearts and minds” of the indigenous population.
Guerrillas rely upon the people for food and shelter and often operate
from regional base areas situated amongst them. Their military tactics
- such as raid, the ambush, and sabotage - are just a means to the end
of eroding the enemy’s will to continue the war.3® Destroying the main
field forces of a conventional army is usually unattainable using

guerrilla tactics alone.?39

spies to gain a thorough understanding of the enemy’s strengths and
weaknesses, so that the former could be avoided and the latter
exploited. This is what Sun Tzu meant when he wrote: “Know the enemy
and know yourself; in a hundred battles you will never be in peril.”
See Sun Tzu, The Art of War, Translated by Samuel B. Griffith, London:
Oxford University Press, 1963, p. 84 and p. 101,

36 Mao Tse-tung, On Guerrilla Warfare, Translated by Samuel B.
Griffith II, Chicago, IL: University of Illinois Press, 1961, p. 46.

37 Mao’s major innovation was his application of Leninism to the
Chinese peasantry and his political insight into how to use
revolutionary war to overthrow a political regime. The key to his
technique was an underground political infrastructure that could build
popular support and the will to fight. An underground organization of
cadres can effectively recruit sympathizers and new members. Friendly
noncombatants can hide the guerrilla and replenish his supplies.

38 The lasting legacy of the military philosophies of Liu Chi and
Mao Tse-tung is reflected in the fact that the People’s Republic of
China, alone of the major powers, lists "political mobilization" as one
of its principles of war.

3% Guerrilla operations are frequently coordinated with
simultaneous orthodox military operations, either by friendly
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Western special operations forces, including ranger, airborne,
airmobile, and counterinsurgency units, also specialize in fighting
without a single front and utilizing the raid and ambush. These
relatively small forces are usually in support of much larger
conventional forces that utilized linear tactics to win the overall
campaign or war.?0 They rely on the same principles that guerrilla

forces do.

Swarming

The final source for non-linear tactics is swarming. Swarming

occurs when several units conduct a convergent attack on a target from

multiple axes.%l Attacks can be either long range fires or close range
fire and hit-and-run attacks. Swarming can be pre-planned or
opportunistic. Swarming usually involves pulsing where units converge
rapidly on a target, attack and then re-disperse.

Convergence implies engaging an adversary from as many directions
as possible. The phrase “convergent attack” should not be stretched to
include every case in history where an army or unit ended up surrounded
by the enemy and attacked from all sides during the course of a battle.
Swarming implies a convergent attack by many units as the primary
maneuver from the start of the battle or campaign, not the convergent
attacks that result as a matter of course when some unit becomes
isolated and encircled because of some other maneuver. For example,
siege battles are not swarming operations because sieges do not involve
a convergent scheme of maneuver. A siege involves little maneuver,

except to simply ring the objective with a fortified camp.4? Similarly,

conventional units or a conventional army from another country. In many
cases, guerrilla movements also require sanctuary and supplies from

outside sources.
40 The surprise seizure of islands (Crete, 1942), airfields

(Grenada, 1983), bridges (Normandy, Arnhem, 1944), and other special
misgions are a few examples.

41 The scheme of maneuver describes how arrayed forces will
accomplish the commander’s intent. It is the central expression of the
commander’s concept for operations and governs the design of supporting
plans or annexes. Planners develop a scheme of maneuver by refining the
initial array of forces and using graphic control measures to coordinate
the operation and to show the relationship of friendly forces to one
another, the enemy, and the terrain. See FM 101-5, Staff Organization
and Operations, Washington, DC: HQ, Department of the Army, May 1997.

42 7 siege can actually be thought of as an extreme case of linear
warfare because the concentric deployment of besieged and besieger are
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German Blitzkrieg operations in the Second World War were not swarming.
Although mobile armored warfare was characterized by rapid encirclementsg
that resulted in convergent attacks on surrounded pockets of enemy
troops, the initial attack and maneuver of the Wehrmacht was not
convergent .43 The Germans usually concentrated mass before attempting
to penetrate opposing lines with pincers.

Encircling or enveloping an enemy has always been a desirable goal
for both linear and non-linear armies because it cuts off the enemy;s
supply, erodes his morale, and offers other tactical advantages.
Swarming usually starts out as a double envelopment and progresses from
there. 1Indeed, most swarming cavalry armies deployed into three wings,
a center and two flanks, and began swarming tactically through the use
of a double envelopment. But what might begin as a double envelopment
would disassemble into swarming. Swarms take the motto “seek the
flanks” to the extreme. They are the ultimate envelopers. They
transform an attack from three main directions into a convergent one.

Another subtle difference between a double envelopment and a swarm
is that in the former the center “pins” or “holds” the enemy front while
the left and right flanks maneuver around the enemy’s flanks. In order
for the center units to pin** the opposing force, they must engage in
sustained close combat. In swarming, units maneuver around the flanks
of the enemy line on a more individual basis and center units do not

attempt to pin the enemy in close combat for prolonged periods; rather,

really just a circle of forces surrounding another circle of forces - in
other words, lines bent around to complete a circle. Warfare is
methodical, firepower and attrition dominate over maneuver, and lines of
supply are critical - indeed, besieging a city is essentially cutting
its supplies and forcing capitulation through starvation.

43 The presence of continuous maneuver is another way to
distinguish between conventional encirclements from swarming. An
encirclement that becomes static and fixed, with little movement, is
really just a linear siege battle. When a conventional army encircles
another army in the field, like the Germans and Soviets did in the
Second World War, the resulting battle is more like siege in the sense
that little maneuver occurs after the pocket is surrounded. Swarming,
in contrast, usually involves running battles of encirclement; in other
words, a moving battle where the surrounded force can often continue to
move as a whole. Swarming units do not attempt to maintain a static
perimeter around a defender; they tend to give ground when
counterattacked and maintain a looser, flexible encirclement.

44 prevent enemy from moving any part of his force from a specific
location for a specific period.
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they harass and attrit using standoff missile attacks or hit-and-run
shock attacks.45

Swarming usually involves sustained pulsing rather than sustained
close combat. Pulsing is what distinguishes swarming from guerrilla
ambushes. Although both tactics rely on small, mobile, elusive units to
conduct hit-and-run attacks while avoiding close combat, the main
difference is in the number of units conducting the attack and the
sustainability of the attacks (see Figure 4-6). Swarming involves the
convergent action of several units that continue to attack by
dispersing, maneuvering, and reinitiating combat (pulsing). Because of
this, swarming can result in running battles where both sides suffer
intermittent attrition over time. Guerrilla attacks usually involve
only one or two units that conduct a raid or ambush and then disperse to

end the battle.4$

45 The sole exception to this characterization is the Zulus
“beast’'s horn’s” tactics where the Zulu “chest” or center sometimes
tried to pin the opposing army to allow time for the horns or wings to
get into position. See the case studies on Isandlwana and Khambula.

46 There have been historical cases where guerrilla units were
capable of sustained pulsing or close combat and this analysis considers
that an example of guerrillas “crossing the threshold” into swarming.
For the purposes of this analysis, if several guerrilla units conduct a
convergent attack on a target, and they are capable of pulsing, then
they are considered to be a dispersed swarming case. Indeed, some
guerrilla examples of swarming will be included in the analysis in
Chapter 5.
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Figure 4-6 - Swarming and Guerrilla Tactics Compared

The most common swarm tactic besides the double envelopment is the
feigned withdrawal (also variously called the tactical false retreat,
simulated retreat, feigned retreat, weak center, and mangudai) (see
Figure 4-7) .47 This was a feint designed to draw an opponent out of a
chosen position, disorder his ranks and expose him to a disabling
counter-attack. Essentially this maneuver deceives the enemy into
creating vulnerable flanks. It also reduces his combat frontage as his
units become crowded and squeezed into a salient. Variations of this
tactic range from the “weak center” ruse to a full fledged simulated

flight in order to set up an ambush in a separate location.48®

47 Many of the military maxims in Arthasastra, an Indian manual
written sometime during the rule of the Maurya Period (4"-3™ centuries
BC), are similar to Sun Tzu's writings. See R.E. and T.N. Dupuy, The
Encyclopedia of Military History From 3500 B.C. to the Present, New
York: Harper & Row, 1970, p. 78.

48 The simulated retreat is not exclusive to swarms; conventional
forces also use this feint. William’s Norman cavalry simulated retreat
several times at Hastings in 1066 with good effect. 1Indeed, Callwell
points out numerous examples of conventional forces using this feint on
irregular forces. See Colonel C.E. Callwell, Small Wars: Their
Principles and Practice, Lincoln, NE: University of Nebraska Press,
1996.
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Figure 4-7 - Basic concept of Feigned
Withdrawal, Simulated Retreat, Weak
Center, and Mongol Mangudai Technique

The feigned withdrawal was used in the Battle of Manzikert
in 1071, where the Turks pretended to retreat, then encircled and
ambushed the pursuing Byzantines from all directions. A hundred
years later, the Mongols called this the “Mangudai technique.”
They used it at the Battle of Liegnitz in 1241; at the Battle of
Kalka River in 1223 they simulated flight for nine days.

Past swarming examples can generally be grouped into two types.
The first type is the “massed swarm” where swarm units arrive on a
battlefield as a single mass, then disassemble and conduct a convergent
attack upon the enemy from many directions. Since the swarm always
remains relatively together, we refer to it as a “cloud swarm.” The
typical massed swarm example is the horse archer army. The second type
is the “dispersed swarm” type, where the swarm units are initially
dispersed across the area of operations, then converge on the
battlefield and attack without ever forming a single mass (see Figure 4-
8). We refer to this as a “vapor swarm” to continue the weather
metaphor. As we shall see, “vapor swarm” examples are typical of modern

swarming and are the most relevant type for future operations where
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forces will need to avoid massing at all costs because of the increasing

lethality of weapong.4?

“Magsed Swarm” or “Cloud Swarm” “Dispersed Swarm” or “Vapor Swarm”
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Figure 4-8 - Two Types of Swarming

Most historical examples of swarming are tactical cases because of
the primitive state of command and control technology that existed at
the time. Before the invention of the radio, operational level swarming
was nearly impossible because widely separated units had to be able to
communicate with each other if they were to arrive at the battlefield at

the same time from different directions.3? Before about 1800 AD, the
limitations of command and control technology made it almost impossible
to effectively command more than about 80,000 men in the field.5! No

more than a few thousand men can follow the same visual signal such as a

4% Note that under the dictionary definition of a swarm given in
chapter 1 - "a large number of things massed together" - dispersed
swarms are not technically a swarm under the initial conditions. The
phrase “dispersed swarm” or “vapor swarm” could be viewed as an
oxymoron. We use the term merely to capture the idea of the vapor as a
extremely loose swarm that can create local pockets of concentration as
parts of it swarm around local targets.

50 The notable exception is the Mongols - they were able to
effectively use a combination of “arrow riders” and a mission-order
system of command to assemble their columns at the right place and time.
By the second half of the 19" century, the combination of the telegraph
and railroad also provided some capability to strategically assemble
armies in a theater of operations.

51 Michael Howard thinks 80,000 is the maximum that number of
troops that can be effectively directed by one commander in the absence
of radios (Michael Howard, War in European History, Oxford, UK: Oxford
University Press, 1976, p. 99).
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flag.32 The primitive communication means available - whether couriers,
visual signals such as standards, or acoustic signals such as trumpets -
were either too slow or of limited range. In addition, good roads were
usually non-existent.53 Military maps with contour lines were not
available until the late 18" century and accurate portable timekeeping
pieces did not appear until the late 17" century.5% It was not until
after 1800 that all these technological building blocks were in place,
ready to be exploited by a commander with the genius to recognize
them, 55

The history of swarming begins on the central Eurasian steppe. For
nearly two thousand years this area spawned a number of nomadic warrior
tribes that invaded sedentary communities in China, the Middle East, and
Eastern Europe (see Figure 4-9).36 Most of these tribes, including the
Scythians, Parthians, Huns, Avars, Bulgars, Magyars, Turks, Cossacks,
and Mongols, relied on armies of lightly armored horse archers that used

non-linear swarming tactics.

52 ps van Creveld explains in Command in War, the term formation is
used here to mean any body of men who were effectively controlled. Van
Creveld estimates that three thousand men is the densest mass of
humanity that can physically see and obey the same visual signal such as
a flag on the battlefield. See Van Creveld, Command in War, p. 24).

53 Roman roads were the exception.

54 Van Creveld, Command in War, p. 26.

55 gSee the case study of Napoleon’s Ulm campaign, Appendix A.

56 R.E. and T.N. Dupuy, The Encyclopedia of Military History, p.
326.
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Figure 4-9 - Nomadic Attacks from the Eurasian Steppe

Swarming was common in Central Asia because of the nature of the
terrain. Whereas in the West a feudal and urban society grew up which
was wedded to certain areas of the ground, on the Eurasian steppe>?
ground was just an element across which one moved.®® Life on the steppe
was based on the mobility of the horse mainly because of the need to
protect the tribe’s grazing herds of sheep and goats. The nomadic
requirement for speed in these tasks naturally led to the adoption of
light cavalry archer as their primary military unit. In addition, John
Keegan has noted several parallels between flock management skills and
military tactics. For example, pastoralists use loose formations, they
know how to cut off a line of retreat by circling a herd’s flank, and
all riders are familiar with breaking up a flock into manageable pieces.
As he notes, these types of skillg influenced their method of battle:

“These people..did not form lines of battle or commit
themselves irrevocably to attack. Instead they approached

57 The Eurasian steppe is really comprised of several steppes
occupying that great arc of land extending generally from the Sea of
Japan, Korea and the Yellow Sea in the east, across modern Manchuria,
Mongolia, Sinkiang, and Russian Turkestan roughly to the line of the Syr
Darya River. The steppes generally comprised a belt of grassland 3,000
miles long and averaging 500 miles in depth, bounded to the north by the
sub-Artic and to the south by desert and mountains. Steppe terrain is a
treeless pasture of rich grass admirably suited for the breeding of
cattle, sheep, and goats. See John Keegan, A History of Warfare, New
York: Alfred A. Knopf, Inc., 1993, p. 180.

58 gee Bellamy, Evolution, pp. 192-193.
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their enemy in a loose crescent formation, which threatened
less mobile opponents with encirclement around the flanks.
If strongly resisted at any point, they would stage a
withdrawal, the object of which was to draw the enemy into

an ill-judged pursuit that would break his ranks.”59

Thus, to be a Mongol man was to be a Mongol soldier. There is no
word in the Mongol language for “soldier.” Mongol men essentially
applied the same techniques they learned for survival, hunting, and
herding to warfare.

An Asiatic style of war developed, based on elusive tactics like
the swarm, feint, ruse, raid, feigned withdrawal, and ambush. These
tactics rarely involve linear fronts or formations. In John Keegan's

words,

“Oriental warmaking, if we may so identify and denominate
it as something different and apart from European warfare,
is characterized by traits peculiar to itself. Foremost

among these are evasion, delay, and indirectness.”60

Indeed, the Eastern and Central Asian art of war, to the extent
that it is written down, reflects a philosophy geared to £luid,
deceptive, and evasive tactics. For example, Sun Tzu wrote in The Art
of War (written between 400 and 200 BC): “Offer the enemy a bait to
lure; feign disorder and strike him.”6l This philosophy is not
surprising given the historical experience of Eastern and Central Asian
socileties, with their frequent use of, and exposure to, swarming and
guerrilla tactics.6?

Further discussion of swarming as a phenomenon will occur in the
historical analysis in later chapters; for now it should be apparent to
the reader that swarming is a distinct form of non-linear warfare that

has charted its own course in history.

CONCLUSION

From the historical evidence presented above it should be clear

that the most recent developments in conventional land warfare in the

52 Keegan, A History of Warfare, pp. 161-162.
60 John Keegan, History of Warfare, p. 387.

61 gsun Tzu, The Art of War, p. 66.
62 In many other regions such as North and South America, South
East Asia, Nepal, and Sri Lanka, native tactics also revolved around
evagive non-linear tactics such as ambushes, ruses, and feints.
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last century increasingly stress non-linearity and dispersion. The
zenith of linear warfare has clearly come and gone. What is not clear
is how fast and far a transition to greater non-linearity will occur.
Some predict that an RMA transformation is imminent and the combination
of air- and space-based sensors, computers, aircraft, and precision-
guided munitions has rendered the use of heavy ground vehicles a thing
of the past. Others decry the notion that the dominant weapon of the
past 60 years - the tank - and the linear formation that fields it - the

division - are headed for obsolescence.
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5. HISTORICAL ANALYSIS

“Military history, accompanied by sound criticism, is indeed the

true school of war.”
-~ Antoine Henri Jomini

Students of military art and science have long sought the fundamental
laws or theories that explain the outcome of warfare. One place to find some
of these answers is military history.

This dissertation looks at 23 cases of swarming that span some 2,300
years in order to identify the principles of war that apply to swarming.
Examples of swarming can be found throughout history, from the Scythian horse
archers who fought Alexander in ancient times to the Muslim Jihadists fighting
Americans in Baghdad in 2003. Swarming was employed at the tactical and
operational levels, on land, sea, and air, both defensively and offensively,

by conventional and unconventional forces, and by men and manned machines.
SELECTION OF CASE STUDIES

Several considerations guided my case selection and research:

e Avoidance of cases where one variable was so lopsided as to wash out
any effect of other variables of interest. For example, Little Big
Horn was not included because the outcome of this battle was a
foregone conclusion given the incompetent leadership of the American
commander, George Custer, and the overwhelming numbers of enemy Sioux
present. Very primitive swarmg that always failed do not offer
useful lessons. Aztec swarming against Cortes and his small army at
the battles of La Noche Triste and Otumba (1520) was not included
because the Aztecs were undisciplined and superstitious, armed with
primitive obsidian blades, had no defense against cavalry, and fought
to capture and not kill.?

e Unique mixes of opposing forces. If the same match up of opposing
forces occurred in more than one battle then I tried to balance
victories with losses (Alexandria Eschate versus Maracanda, Khambula
versus Isandlwana, Hattin versus Arsuf, and Mogadishu versus
Baghdad) .

1 Hanson, Carnage and Culture, pp. 170-232; John Pohl, The Conquistador
1492-1550, Oxford, UK: Osprey Publishing Ltd., 2001, pp. 46-49; Hugh Thomas,
Congquest: Montezuma, Cortes, and the Fall of 0ld Mexico, New York, NY: Simon &
Schuster, 1993, pp. 409-412, 425,
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e Availability of primary and secondary sources. Given the large
number of case studies, I relied on secondary sources for the most
part. As Gibbon once said, I have not been afraid “to borrow the aid
of the strongest glasses.”

e Actual swarming had to occur, not potential or theoretical cases.
Iranian small boat swarming tactics in the Strait of Hormuz was not
considered because this study is based on actual combat experience.

¢ Only human swarms were considered. Robotic swarming is not relevant
this dissertation. War is about human beings and the control of
fear. As Clausewitz once said, “War is an act of human intercourse--
a social act.” The nature of man has not changed over the past 5,000
years of recorded history nor has “..his basic objective when he turns
to war: the employment of lethal instruments to force his will upon
other men with opposing points of view.”2 Robots do not have will,
they do not fear, and they do not fight wars (yet).

e Time and resources limited the number of cases. Given unlimited
resources, I would have added American militia against British
Redcoats during their march from Lexington (1775), Ohio wvalley
Indians verse British troops at Bushey Run (1763), Chinese light
infantry against the 1% Marine Division at the Chosin Reservoir
(1950), the Mongols at Kalka River (1223), the Madhi swarm against
Egyptian troops at Kashgil (1883), the Abyssinian swarm against three
Italians columns at the Battle of Adowa in Ethiopia (1896), and
Chadian swarming against the Libyans (1986-1987).3

The 23 selected case studies are listed below in Table 5-1 and 5-2. See

Appendix D for a more complete database. Appendix A contains a narrative of

each case.

2 T.N. Dupuy, Understanding War: History and Theory of Combat, New York:
Paragon House Publishers, 1987, p. 8.

3 The Chadians married their traditional Toubou desert warfare tactics to
American supplied armored cars, Toyota “technicals” armed with machine guns,
mortars, recoilless rifles, grenade launchers, and Milan ATGMs in order to
swarm isolated Libyan tanks and APCs. Chadian swarms pushed the Libyans back
to the border area in February 1986; defeated the Libyan garrison at Fada in
January 1987 (where they destroyed 100 tanks); in March 1987 surrounded and
swarmed an armored battalion task force at B’ir Kora (destroying 86 T-55s) and
overran the Libyan base at Wadi Doum; and finally, in August at Oumchi,
located, surrounded and swarmed a Libyan armored brigade, destroying at least
30 tanks and APCs and capturing 111 military vehicles. See Kenneth M.
Pollack, Arabs at War: Military Effectiveness, 1948-1991, Lincoln, NE:
University of Nebraska Press, 2002, pp. 386-395.

78




6L

Jusudosaus
s1quop ‘Butmaems TeuoTjexsdo
pue TeOT3IOE] !83ybTUY

Azguegut pue Aireaed

KiTeaed Aaesy suwos
‘syeynpIe 9sIOoy IYBIT

' tver 'zeaty ofes

000°0S 00008 ueadoand snsasa SToBuoW | Aaesy - suesdoany uisjsed A1asom - sTobuoy
aquswdoTsAus STqNOP 03 SpesT
Tepnbuey ‘Burwzess TruoTjeaado squesead paswre ‘S3TTS Axresed Aseay suwos
pue fedTloel {83ybTuy | AaTeaen Aaesy jo AjraouTw ‘sasypae Isaoy JULBIT CRONENO R
000°02 000°'S¢e uevadoand snsiaa sSTOBUOW - sueedoany ulejsed AT3sou - sTOBUON %21 “Z3TUbSsTT
Axjuegut yBTT pue
Axteaed UbBTT qeIY
pue ystpany ’‘urnopeg
UOTIBWIO XOq a133eq pue ‘prenbApoq
Butyoxem e ut Axjuegur JubIT USWMOIS SOID yniwen AxiTeaed Aaesy
Agq pojxoddns AxTesed poaoure ‘gauesbass 0037 ‘Aiteaed YITM SI9YDIR pIjuUncm S e RS o
000°s2 000°G2 ATtaray asutebe saoysIe 28I0Y Anesy - saspesnid ystiant AL3Ison T6TT /Fneay go sraieq
KAxTeaed YBIT
UOTIBWIOT XOg 9T33eq qeay pue ysTpany pue
futyoxew ® uT Axzjuejur JybIT ‘pxenbApoq Iniwen
Aq peoaxoddns AxTesed paIowre AI1juegutr pue YITM SI9YOI® pojunou gl :;
000/0%-02 00z’'¢ce ATtaesy asutebe saoyoae 9810y | Aateaed Aaeay - SISPESNID UysTInI ATIASOW L81I--'ut33ey 30, 8Ti3ed
Arjuegut 3ubTr
Aq pejaxoddns AxTeaeo paaowxe sSISYDIB pajunou : ,
000°0¢ 000 '0¢€ ATTavSy 3suTebe sasyoxe asioy | AxTeaed Aaesy - sIispesni) - sdanl ynliss L6001 "umorTArod ‘30 oi¥ieg
gaoeaydeqed ’
Auie surjuezlg swie ‘8I9YOIR PIJUNCWSTP SI9YDIE pajunou : L TR
000°0¢€ 000°0€ POUTqUOD pedeJ SI9YdDIR SSI0Y pue pajunow - sautjuezig - syanl ynf1os LTLOT Y3aeYTZUeN FO eT3aled
(s9TaeuoIbal : j
3sax ‘sdooxn sIsydIR
aubTT 000¥% asxoy
‘AxTeA®d 000’6 pue KAziTeaed pue
000%) sajoeaydelen utexasl usdo utl Axjuejur sdoox3 JyBTIT BWOS YITM sasyoIe :
12303 000°’6€ 000‘T Aaeoy 3surtebe aesynie o8I0y Azjuegutr Aaesy - suewoy pajunou - suetyixed D€ e  ‘seyaar). 3O 9T3YeH
(sueTya4Los snTusb AIe3TITTW JnoyaTm AxTeaed
aa9m 009) Axteaed 3yb11 HBurixoddns Aneay Aq peijxoddns
Te303 000°C yatm xueTeyd UPTUOPSOEW xueTeyd Axjuejut sIsyoae
A1qeqoad 09¢e’z jsutebe ISydDIR BSI0Y Aneoy - SUBTUOPIDENW pajunow - SuUeTylADS Dd 6Z€ ‘epuedeired IO ®T3i3ed
sniuab Axe3TTTw AxTeaed
000°0T yaItm Axreaeo qubtT Burixoddns Aaeay Aq peiaxoddns
-g Atqeqoad YaTM xueTeyd UeTUOPSOEW xueteyd Axjuejut sasyoIe g 6Z¢
‘umoudUn 00002 asutebe I9yoie asIoOY Aneay - sueTUOpPIOBW peojunow - sueTYlLos ‘BIVYDSE TIPUBXSTY JO 8I3vg
mwIems auauoddo susauoddo wxems
{pO30U B TMIBYIO
(e3eurxoadde) ggeTun gy oumsse)
yabusxyg 9ox04 sgausnbrupn uotydiaoseg

owmt}, pue Apngg oseDd

SUOT3ITPuUOD TET3ITUI pue seoxod Bursoddp

I uwoTjemxzojul Apnis es8ed - T-§ °TdelL




08

(zodrus ® pue
Isuunf suTyoerw B ‘Isuunb 5gy
BuTpnIduUT) Swes3 IowIre-IJuUR

{xowze pue AIjuejuTl

SOTOTUSA SWOS YITA
sjuebansur Arjuegut

9661

Afasow - sTOBUOK

000°CT 000'S2 1Tews Aq SuTwIess TeoTIoel POZTUBYDSW URTSSNY JUBTT usyosuD | 0z |0t i-g68T T Auzols 103 o©Idred.
sdiysunb W STRDTUYD], s R . A
ao3dooTTaY ‘SoToTySA Swos pue BTITTIW e Sl
s&oauoo BTIITTTW TTRWOS Ssioa Axjuejut JUBTIT yatm Axjuejur 1eqTIl Axjuejur ‘€661 ‘nustpeboR
000°Z | ISTI®X + 0%1 Sn BuraroAut aT33eq URGIN IybTT - sopuemwo) sn IYBTT - STTRWOS | 6T ‘Beg yoeig Y] JO 8133ed’
(osen | (osed RISEEG W . s
ubtedwed) ubtedued) e8Iyl IepeRI SUIOQITeR Dutoey uswjueyosISWw pur ‘Iepex #S3oedIToM. UT {oseo ubtedued}. Gv-ZF61
e/u e/u MOU sjeog-N YITM 9TI3eq ®Og | Yata 3Jexdate ‘sisloxasseq butjeasdo - sjeog-n | 8T 41T OTIWRTIV OUYF O 8TIeH
(osed (ose0 S (U : .
ubtedued) ubtedued) USWIUBYDIDW #S3oediToM, Ut (o880 ubtedwes3 iz -6E6T
e/u e/Uu ST33eq ©ss pue sxakoxisaq Butrjexsdo - s3evoq-n | LT T DFRURTIY oYl JO 9133%dg
s123YBII 0TT pPue 60T
oW Aq ps3jxooss (sgg np Jjerdate
(osed (es®ed sa9yunp ‘sexnas ‘sTaNUTSH I93YBTI SUEDTIANH (osed ubredue))
ubtedwed) ubtedued) ‘SI9TUIOJ) SIIqUWOY WNTPSW pue axT1331ds 0¥%6T -‘s1 adeg 3o o133ed
e/u e/u 9T33eq ITVY pue sI9quioq SAIP URWIDH Jess-a1buTs ystitag | 9T | 2TV - 0%6T  ‘UTeITIE 3O STITRg
Te303 ‘ ‘
6%9 f3yb1z
Ten3oe .
ur JTUwng sDT3De] SYTI-BuTrwieMs AiTeaed o S hmeml TR AL
00€ Je ¥s¢ Y3Ts SIejIiem eTITIISND Azjuegur - ysI3TIg pPajunowsIp - sIs0g | ST 88T ‘TTITH Bqnlen o ®133%e
SUOTIBOTITIIOT YITM S30I0JF
YSTITIg uIspow e jsurebe Azs91TTaxe JyBTIT ©TJTI TRUOTSRODO
SDT30®] §,UI0H S,3e9g pue Quos ‘SOTITI UOTIDE 3TOq pue xeads yjim
ystatag sxaqunu xotxadns xtayy Aordus Butjesdsz y3ta poure - pswxe Axjuegur JybIT )
00002 000°2 sninzg jequod 95010 Butsind-uoN | AIj3uejUT TRTIUOTOD USTITIg pajunowsTq - sning | %1 6L8T ‘BINqWEUN FO OTIIRH
SUOT3BDTITIIOF INOYITM S8DI0JF
YSTITAE UISpOw © jsurebe AxoTTTaxe UBTT 813ITI TBUOTSEBDOO
ONN SDT30®] S5,UIOH S,3edg pue 2WOs ‘S9TJTI UOTIIDR 3TOQ pue xeads y3IM
pue ysiaitag sIasqunu xoTIadns zTsyl Aotdus Butjeadaa yltm pswie - pswie Axjuejur ybBIT - o
000'SZ 004’1 | snIng 3jequod 9s010 Butsind-uoN | Axjuegur TRTUOTOD YsSTIitTag paijunowsTta - sninz | €1 6L8T ‘BURMAIDUEST JO OI13eg
AI9TTTaxE 38310y
‘AaTeaed ‘Kxjuegur
SDT30%®3 (Az91T1TaxR 98I0y ‘AaTeBA®D 3193)Snu JO SUOTISTAIP )
TRUCTIUSAUOD YITM PSUTUOD ‘Azjuegutr 393snu) Awre SWI® PauIquoD . - . o
000 ‘08T 000°2ZL Butwiems ,Teuociieasadp, SUI® PauUTquod - SURTIJZSNY - sdizop or1uoatodeN | zT GO8T ‘ubtedwe) wrn
AIoTTT3xRE ; . )
BTIITTTW PTeT3 swos ‘Axjuegur (Axquegutr 3ubry)
Azjuegut USTT ueoTaswy | JUSTIT - BIATTIW I9S3UNTOA SIOTIIeM TeqIIl : .
000'T 007 ‘T osI9A Axjuegur UBTIT DuTwiems ‘sxernbox Awxy sn - SUBTPUI PUBTPOOM | TT I6LT '3eeysq ¥ iTeId 35
SUTNOpPag Pue uswyIng
3o sdnoab frews Axsa pue AiTeaed Aaeay swos
(synTwey) ‘spany ‘sosbnisax uevIIASs ‘sasydae ssioy YBTT o T
000’21 00091 WIeMs .  SNSIOA (STOBUOW) wIems ‘sSIsyoae 9sSIOY YNTweW ;%;aoﬂﬂw\MWHﬁhﬁﬁmew

i S 2o




18

Axteaed qubrT
paanaden geay pue ysIipiny
IO papunom pue ’‘paenbApog
'POTTITH JUSWR TOITOUL Arjuegut ¥uTweWw Y3ITs =
sIspesni) Anesy - pue AiTeaed sI9yDIE pIaJunoul = S g
00002 Ing umouyun utm susudoTaaug Aneoy - sazspesnid YysTaIng ATISOW LA UTIBH 30 eTAged
Juswe oI ToUy P : L
- KiTeaed sI3yDIe pajunoul rumerTAxod
000'% 000°€ ssoT ysnque juswdoTaaug Aaeay - saspesnid - syang ynfres | § [ ok iijoretined
sjoeaydejed i L
‘gI9ydIe PIJUNOWSTP LET : TR
Anesy aTqnop - pue psjunow sIayLIe pPIjUNow S TLOT Y IO TEURN-
4ng umous{un umouun UTM Tepnbuen juswdoTaaug - sautjuezig - syang ynfres VAR T 0 o1 Yed
paanaded e
000°0T
‘paTTTA AxTeaed
SUBWOY JUSWSTOIIOUT pue sdooxl 3ybBIT L
000°‘6¢€ fqubttT TeMeIpyl T - swos Y3Tm Axjuejur sxaydIe G : DEEE
3O 000°'%C ang umouyun uimM paubtad quawdoTsaud KAaeay - suewoy | psjunow - sueTylred L eRYAITeD. 30 9T13ea
Aatesed T ] ; 5
AUBWSTOITOUY Aaesy Aq peixoddns 38
- xuerteud Azjuegut sasyoxe DE6ZC TEPURDRITH
00€E‘e umouun utm ysnque jusudoToAuzg Aapay - SUPTUOPSOPK | pojunow - SueTylADS o 30 o1i3ey:
AITeARD ]
paanaded Aaeay Aq pesaxoddns od7 628 f@aeyosH
0ST xuetreyd Arjuegut sIsysIe pTIpURXDSTY
umouyun 'YIX 000‘T SSOT patTTRd Anedy - SUBTUOPaOEW | psjunow - SueTyl~Adg . 3o °T33ed:
ausuoddo uxems jusauoddo uLIeMs
: “{pojou
UOT3IBUIOT IsAnauew 9ETMIBYIO B8OTUN
(uexyey sT obeaoae ue uIems a0 esny Teor3ioel gy oumsse)  SWTL.
gebuea 103) serjIeEnse) I03 BSWOIINO uIemMs urems uotydrxoseq - pue.fpngg esed

g3Tnssy

SUOT3TPUOD TETITUI pue sadaxog Bursoddp

II uoriewzogur Apnas esed - z-§ oIqel

WSTEDTUYDD], SWOS €00z ‘wopooxg. thear uworzeasdp
SWIeMS-UOU TeUuOTIUSAUOD AAeay sdooxy 3xoddns pue pue Axjuejur UBTT ‘pepyubeg ‘A9tanup pue ‘Aixeq
006 00S BUTATOAUT 2T33BJ UBQIN UIDPOW Axjuegur pozrueyOSwW SO uetxlAs pue tbexr | ¢z ‘aoi. seatT3oelqo 203 89133edg
soT30B] BN
gomzeptds jo esn Buipniout TomodaTe {AISTTTIAR
SDTIDE] SWIB PIUTqWOD !zowxe pue Arjuegur sjuabInsuT AIjuejut 0002
000°2 000’56 JJopueis URTSSNY PasTAdY PoOZTURYOSW URISSNY UBTT uLyodyD | ZZ ~6661 ‘'TITIT Auzoxn 203 ST13Ijed
asusjjo Teuotiexado : ,
VO UOTITIIIE SWed] IOWIe-TIue !zomae pue Arjuejur sauabansur Axjuejut ) : . 1 o
000'€ 000'2ZT TTeWsS Aq Burwxems TeoTioe] peziueyssu ueTsSsny BTT UdSYDSYD | TT |k 9661211 AUZOID IOT BTIIBL |




Z8

sI93Yyb13 0TT pue
60T 9W Aq pejaonss
(sgg np sasyunp

«,N;Ammmu‘nmwmmfmuw

(e3ewatTeas ‘seyniys ‘STONUISH 3JeIxonate
e ATTeoTuyoa3 JUSWS TOITOUS ‘sa9TUIOQ) I93YBTy suedTIINY COV6T S8 Qum;uo
-AT1e01b693R138) - saaquoq wunipauw pur pue a2x1321ds : wauumm IIV “IQP6T
e/u B/U *UTM JuaswdoTsauyg SI9qUOY SATP UePWIS) | 3jees-oTBuTs YsTitag | 91 .nﬂMuAum uo OAuumm
paxnideo
9 'YIM YIM STqnop - Kareaed o ﬂmwﬁ .ﬂﬁwu
ZET ‘YIM 96 S ‘YIN T UTs jusudoTaAug AIjuejutr - ysIiatag PRIUNOWSTP -~ SI90d | ST wﬂﬁﬁdz ‘3o mﬂuudm
AzsT1Taae 3UBTY sTITx
Quos ‘SSTITI UOTIOE TeUOTSeODO pue
YIM aToq Burjesdsa yatm aeads yiTs psuxe e S
S VI 62 vId SUIOH oTqnop - psuxe - Axjuejul Axjuegur JybIT 6L8T TeTnqURYY
- Uystitid nnz 00se SSOT s, 3sesdg JusudoTaauzm TeTUOTOD USTITad pajunowstd - sSnInz | 1 30 ®133%ed
AxaTTT3xe UBTT STITx
Swos ‘S8TITA UOTIDE TeUOTSEIDO puUe
Juswa ToaTOUH 3Toq Butjesdsa y3Ta Teads y3T# pawie
I¥IM 00S‘T YIX SUJIOH - pouwre - Axjuejul Axjuejutr 3ybIT 6L8T . ‘eueMTpuULsY
- YsTatag 00S'T nInz uTm §,38esqg ausudoTsaud IBTUOTOD YSTITAG psiunowstd - sninz | €1 : Jo 9133ed
sxsuostad
pue Bursstu (AxoTTTIIR AISTTTIIR 28I0Y
‘pspunom osaoy ‘AaiTeaed ‘KaTeaed ‘Aijuejut
‘PATTTY ssTaTENSED ELETES folo g fole 4 ‘Axquegur 393stnuw) | 39SnW JO SUOTSTAID
ueTIISNy yousaag - Auxe swIe pSuTquod swie pPaUTqUoD ‘ N
000°‘0S 000’9 uTM uswdoTsaug - SueTIISNY - sdxop otuoetodeN | zT | gp8T: ‘ubtedue) wrn
KaatTT3ae
ysnque PIST3 swos
{uoTjewIo] | Juswe oI TOUN ‘Rajuezur yBIT (Axjuegzut uybTT)
suedTISWY JUDDSIID - - BIITITIW IS933UnToA SIOTIIEBM TBQTII 16LY. *3e939Q
00L/05> uTM uoow-3TeyY JuswdoTaAuzd 'sxernbsx Awiay sn - sueTpul puelpoom | 1T 8,ITETID "38
surtnopsg pue
uaun{anl o sdnoab
TTeWS AxsA pue AxTeased
IJeTTwIs ‘spany ‘sosbunjsa | Aaesy sumos ‘sasysie e
KAtqeqoad sToBuon JUSWSTOITOUD ueTIAs ‘sasyoie asxoy YBTT 09ZT: .“anyep
ang umouxun 00S'T SS0T ON 98I0y MnTwel Arasouw - sTobBuop | 01 uly 30 ¥13aed
AxTeaed
Axjuegur | Aaeey 2wos ‘sIsydae
I puesnoyl aIgnop - pue AxTeaed Aaeay @sxoy ubTt 1PZT ‘I9ATH
000°0L-0% TRIDADS uts usudoTaaug - sueadoang uxaiseqm ATasow - sTOBUOW 6 ofeg 3o s133ed
sjuesead pasuae AZTeaed ’
‘83119 AxTeaed | Aaeay swos ‘sasyoxe .
aTqnop - Aaeay jo AjTaocutw @sxoy ubrt I¥ZT ‘ZatubeTy
YIM 000°sz umouun UTM Tepnbuely auswdoaauld - suesdoang uxsijsed AT3ysow - stobuop | g 3O o13aeyg
Azjuezut JybTT ‘ ;
pue AxTeaed 3ybTT
qeiy pue ystpany
‘utnopeg pue
(sepTs USWMOQS SOID ‘paenbApoq Iynrwen
Z) xesx ‘sjuesbass AxiTeaed Aaeay Uyats
pue Jquet] 3003 ‘'AiTeaEd sSIdYDIE pajuncu I6IT
YIM 00L YIM 000‘L 807 Uo }YOB3avy Aaeoy - saspesna) UysTiaIngy ATISOW L %mmmw\kﬂ§§’ wwWMk




€8

€002
“f‘wopesxlz tbexl
uoTqeaedp ‘pepiubeg

AUBWS TOITOUD sdooxy a3xoddns WS8TEeOTUYDD3, SWos *Re1any pue ‘Lrxeq
VIM paanaded - pue Axjuejur pue Axjuejur yuybTT ‘aol seatinelqo
2% 'YIN 2 0§ ‘VIM SZ% 88071 juawdoTaasug pazTueydSW SN uetaxks pue tbeal | €2 03 so133%ed
YIM JUSWS [OITOUD aomodxte !{AxstrIaae ! G
009 2asesT - {zowxe pue Axjuezur | sjusbansur Arjuejut 000Z-666T “III
ae ‘¥IN 009 umouNun ssoT ysnque jusudoTaaug pPazZIurydosu urISSNy AUBTT usyoLayd | Ze¢ Kuzoxs z03 -©133%g
YIW 28T JUBWS TOITOUD
‘YIM ZO%°'T YIM 00S’T - fzowxe pue Axjuejur | sjusbansut Axjuegul . 966T “‘IT
‘YIM 0SL ‘YIN OSL Utm ysnque jusudoteaug PpozZTURYDAW uerTSsSnNY ybTT usyodyp | TZ Kuzoasn a0 ©T13198€
(¥IiM "
pue ¥Iy
jo sbBuex JUBWSTOITOUS S9TOTYSA SWOS YITM
YIM 00S‘% wnwrTuTw) - {zowxe pue Axjuezut | sjusbansut Axjuejut 966T-G66T ‘I
‘YIM 00S'¥ 0009 SS0T ysnque auswdoTaaug PoZTURYOSW URISSNY ybB1T usyoayp | oz Auzoxd.xoz or133ed
sjo9x11s8
fursoo1q
pue
SOTaY UuMOp sdrysunb xa3dooTTay WSTEOTUYOd s :
putqooys Aq | juswaToxTous ‘SOTOTUaA AYUBTT swos pue BIATTTW £66T ‘nystTpebor
YIM VIM 006 | (ATTeOTB33013S) suedTISUY - | u3ams Axjuegut aybTl TeqTI3 AIjuejut ‘ees yoeld
pue ¥IM 16 'YIM 00§ *UTM pozIiTqowwuy juaudoTaAum - _Sopueumo) sn IYSTT - STTeuos | 61 oy3 yo eyijeg
uswiyueydIsm
JUSWSTOITOUS pue ‘Iepex {oseo ubredue)). g¥
- YITA 3Jexdite #830ed3TOM. UT -ZH6T.. ‘II DFIULIIV
e/u e/u 8807 yoedyTom ausudoTaauz ‘sazafoxiseqg | Burgeasdo - s3eog-n | 8T B|Yy3 Jo8133eg
JUDWSTOITOUS {eseD ubtedue)d) ¥
- uswilueyosxsu #830ed3ITOMw UT ~6E6T ‘I DTIURLTIV
e/u e/u utm soedgyToM jusudoTaaug pue sasiozjissq |-butrjexado - saeoq-n | LT | 0Y3530/9TA3BE.




The swarms won 14 of the 23 battles or campaigns (61%) in this study.
The case studies include six guerilla actions (Majuba, Mogadishu, Grozny
I,1I,I1I, Baghdad), with five of those occurring on urban terrain. There are

20 land cases, one air case, and two naval cases. In some cases, swarming is
employed both at the tactical and operational levels of war (Mongols), while
in another, swarming occurs at the operational level but conventional tactics
are employed at the tactical level (Ulm). Three occurred in ancient history,
seven in the medieval period, five are from the Colonial period, and eight
cases occurred since 1940. Ten cases involve horse archer swarming against
different types of opponents. Eight cases are “marching battles” where a
conventional force was attacked along a route from A to B (more on this

later). 1In only three cases did manned machines primarily conduct the
swarming (aircraft and U-Boats) while in two cases ground vehicles played a
limited role (“technicals” in Baghdad and Mogadishu). Other than that swarms

usually consisted of dismounted or mounted men. Four of these cases are
considered decisive in world history (Manzikert, Hattin, Ayn Jalut, Battle of

Britain).?!

Table 5-3 - Summary Statistics

Battles 19
Campaigns 4
Swarm wictories 14
Ancient/Medieval/18™-19" C/Modern 3/7/5/8
Horse archer 10
“Marching” battles 8
Land/Sea/Air 20/2/1
Urban 5
Cases involving American Forces 5
Swarm / non-swarm force ration > 2:1 6
Non-swarm outnumbers swarm 6
Encirclement / Double envelopment 15/6

IDENTIFYING VARIABLES

1 paul K. Davis, 100 Decisive Battles from Ancient Times to the Present,
Oxford, UK: Oxford University Press, 1999.
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In this work, my goal was to identify variables and formulate principles
of war at such a fundamental level that they are relevant to both horse
archers and modern mechanized units. It became apparent early that it would
be important to pay attention to the sides’ relative mobility, use of
concealment, situational awareness, forms of combat power, command and
control, and tactics.

One obvious constraint is the rapid change of technological advance over
the two millennia of time these 23 cases occurred in. Looking at such a broad
span of time will ensure that the identified principles of war will be as
universal as possible. We seek lessons that remain constant no matter what
technological conditions prevail. Specific forms of modern combat power -
such as air support or artillery - are generalized in order to remain relevant
for both Alexander's hoplites and American M-1 tankers in 2003. For example,
"standoff capability" is represented by the composite bow in ancient and
medieval times and beyond LOS indirect fire weapons such as the Army Multiple
Launch Rocket System (MLRS) today.

Primary Variables

Case study analysis indicates that three “enablers” or advantages appear
to play a predominant role in the outcome of swarming: elusiveness, superior
situational awareness, and standoff capability. Elusiveness is the ability to
avoid the enemy and in all cases this was accomplished either through superior
mobility or the use of concealment. Standoff capability is the ability to
inflict damage and receive less in return through some advantage in weapons
(greater range) or in relative self restraint (one side adheres to Law of
Armed Conflict while the other does not). Superior situational awareness
implies knowing more about friendly and enemy unit locations and intent than
your opponent.

Table 5-4 below is a simple pattern analysis that lists the 23 cases,
the presence or absence of primary variables, and the outcomes. Green denotes
variable presence, and red, absence. Strategic success implies a victory at
the strategic level - i.e. in Mogadishu the Somalis “won” by prompting the
Americans to agree to a ceasefire and withdrawal as soon as possible even
though by all tactical measures they lost the battle. Tactical success
differs from strategic success in three particular cases (19, 20, 22). Four
of the cases are operational level or campaigns rather than single battles and
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therefore tactical success is not applicable.? 1In the five cases where all

three factors were present, swarms always succeeded.

2 In the Battle of Britain case study one particular battle is briefly
described in Appendix A only to highlight the nature of combat throughout this

campaign.
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Elusiveness

Elusiveness is critical for individual swarm units because they
operate on exterior lines and require a capability to avoid defeat in
detail. 1In general, defenders operating close together on interior
lines can mass force more quickly than more widely separated swarm units
operating on exterior lines. Elusiveness allows one to converge on the
enemy in coordination with friendly units when it is advantageous to do
so.

Most swarms were elusive because they were faster or they were
concealed. All of the horse archer swarms and the Chechens enjoyed an
outright tactical mobility advantage over their opponents. Horse archer
swarms enjoyed superior mobility because they used light cavalry as
opposed to dismounted troops, multiple mounts per man, and less force
protection (i.e. personal armor). The Chechens were able to gain a
small mobility advantage by using their knowledge and preparation of the
urban layers in Grozny to slip around and through Russian lines using
alleys, sewers, basements, and destroyed buildings.

Terrain and logistics had much to do with superior speed. Horse
archers used their superior mobility to swarm, which required flat or
rolling terrain suitable for cavalry maneuver (12 cases). Napoleon’s
Corps marched faster than the Austrians and Russians because they relied
on the bountiful terrain of Europe for part of their supplies, reducing
their logistical burden.

In the urban insurgency cases swarm units remained elusive by
either concealing themselves in and amongst the population and/or urban
clutter or by using their knowledge of the terrain. Urban terrain
offers plenty of cover and concealment - dense buildings, underground
structures, and civilian crowds. Aideed’'s Somali militia utilized urban
terrain and non-combatants for concealment.

In most of the urban cases, the insurgent swarms were not elusive
in terms of speed. Dismounted Somalis and Iraqgis did not outrun US
vehicles. To converge, surround, and attack in these conditions
required the dismounted swarm to pin or slow down their conventional
opponent in some way. For example, in Mogadishu American commandos were
slowed down by roadblocks and crowds of civilians; for most of the
firefight they were also pinned down trying to secure Blackhawk crash
sites. In Baghdad American units were swarmed when they were guarding
key intersections; in Fallujah insurgents were able to swarm when
isolated American vehicles were immobilized in insurgent controlled

neighborhoods.
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German U-boats were elusive through concealment, but that was
gained at the price of mobility. The Zulus were elusive operationally -
they could move faster than a British infantry battalion on campaign and
they could maneuver within striking range and conceal themselves
unnoticed as they did at the ravine four miles from Isandlwana - but
they were not elusive tactically. Zulu warriors could outrun British
infantry but not the mounted irregular cavalry (Khambula) employed by
the British. Nor did the Zulus have difficult terrain to exploit and
hide in (relatively speaking). The Boers also were mounted and more
mobile than the British, although they did not fight mounted at Majuba
Hill.

Swarms won 12 of 17 cases when they were elusive (71%). They
usually lost when they were not elusive - 4 out of 6 cases - the two
exceptions being Isandlwana when they outnumbered the British 12:1 and
the Battle of Britain when attrition rates were roughly equal through
the campaign and the British swarms won strategically by not losing.

Superior Situational Awareness (SSA)

Situational awareness (SA) is obviously crucial for relatively
more separated swarm units. Swarm units need to know where the enemy is
in order to encircle him or to run away when threatened with destruction
in detail. They need to know when to attack to achieve simultaneity
with other friendly units and they need to arrange themselves properly
in the annulus to avoid fratricide. Dispersed swarms (vapor swarms)
need to know where friendly units are in order to disperse evenly across
the battlefield.

Superior situational awareness (SSA) also supports concealment.

By definition, you have superior situational awareness you have more
information (unit locations, activity, intent, etc) about the enemy than
he has about you. It is more difficult to conceal your location from
the enemy when his situational awareness is superior to yours.

Swarms won 13 of 16 cases where they enjoyed superior SA (81%).
They lost 6 of 7 cases where they did not have superior SA.

Standoff Capability

Standoff capability is the ability to inflict damage and receive
less in return through some advantage in weapons (greater range) or
through “asymmetric fires” (using political or other means to constrain

the opposing side’s application of fires).
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Throughout history, horse archer swarms have relied upon ranged
missile weapons to inflict damage on heavy forces without as many ranged
weapons. The archetypical swarm unit is the mounted archer; the only
other swarm unit with a true standoff weapon was the U-Boat. For these
two swarm units standoff was critical to success.

Other swarm units did not possess a ranged weapon standoff
advantage; Spitfires did not outrange German bombers or fighters and the
small arms, spears and arrows of the Indians, Somalis, Zulus,! Boers,
Chechens, and Iragis did not outrange their opponent’s weapons. Urban
insurgent swarms instead achieved a degree of standoff capability ,
through “asymmetric fires” - by firing from behind non-combatants or
sensitive infrastructure under the assumption that their opponents would
limit their firepower response to minimize non-combatant casualties. In
addition to these human shield tactics, urban swarms have maneuvered in
ambulances, taxis, and police cars, fought from sensitive infrastructure
such as mosques, schools, shrines, and hospitals, and based their
operations in residential areas. All of these asymmetric approaches are
designed to exploit Western adherence to the Law of Armed Conflict. 1In
effect, they are forcing their conventional opponents to self-impose
political and humanitarian constraints on the application of fires and
they are thereby achieving “standoff” in a limited sense.

Surprisingly, there is no clear correlation between the presence
of standoff fire capability and success - swarming forces won 5 of 7
cases when they enjoyed a standoff fire advantage (71%) and 9 of 16
cases when they did not have a standoff advantage (56%).

Secondary Variables

In this work, it became apparent early that it would be important
to pay attention to other variables or factors including command and
control, communications, quality of training, surprise, willingness to
take losses, amount of combined arms, and whether the battle occurred on

home territory.

Command and Control

Whenever a unit is divided into many parts, the problem of
coordination between units becomes more difficult. The complexity of
the command problem grows with the number of units, the power and range
of their weapons, the speed at which they move, and the space over which
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they operate.? Swarms comprised of many parts have tackled this command
and control problem in several ways.

Cloud swarms kept relatively close together so that information
flows between units were minimal or unnecessary. Vapor swarms usually
gathered information through established sensor networks distributed on
the ground throughout the defensive area. Often sprinkled within the
defensive area were “nodes” that facilitate communication, movement, and
resupply (mosques, safehouses, village elders).

Vapor swarms were usually not under the control of a single
tactical commander and subordinate units were allowed greater autonomy.
Dudayev may have been in operational command of the defense of Grozny in
1994 but he did not control all the hunter-killer teams roaming the
streets looking for isolated Russian vehicles. Somali Colonel Giumale
may have controlled many of the militia squads attacking US commandos in
Mogadishu but he did not control all of them and he had no authority
over participating civilians. There was no single enemy commander of
the swarm fighting Gen. St. Clair’s men. U-boat wolfpacks did not have
a single commander. In the Battle for Britain, Group and Sector Station
commanders selected German raids to intercept and fed squadrons into
battle but did they not control the tactical dogfighting.

Sometimes multiple tactical leaders emerged spontaneously once the
firing began. At Majuba Hill, a Boer general had to raise the call for
volunteers. When clusters of Boer volunteers reached the base of the
hill they looked about to see who would lead them and two leaders
stepped forward.

Figure 5-1 shows the 23 cases arrayed on a notional graph
depicting time on the x axis and measuring dispersion and decentralized
command on the y axis. Twelve cases are “massed swarm” or cloud swarm
cases (see Chapter Four for a definition). Without wireless
communication, it was difficult for swarm units to coordinate without
keeping within sight of each other. The remaining eleven cases are
vapor swarms: the Miamis and Shawnees began their mobilization against
St. Clair from several villages; British Spitfires vectored in on German
bomber fleets from dispersed Airfields; U-Boats deployed across the mid
Atlantic in a screen to detect Allied convoys; the Chechens, Somalis,
and Arabs were in a defensive dispersal throughout their urban
neighborhoods before they vectored in on their targets. The swarms won

7 of 11 cases where command was decentralized and units had some degree

1 In the case of the Zulus, they were so outgunned they suffered a
standoff disadvantage.
2 Van Creveld, Command, p. 6.
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of autonomy and self organization (case # 11, 12, 15-23). The 4
strategic losses under these conditions occurred in two of the Grozny
battles, Baghdad, and Battle of the Atlantic II. One could argue that
the swarms achieved their tactical goals of attrition of enemy forces in
3 of these 4 (Baghdad being the exception).

Before the invention of the radio, swarms usually massed before
engaging in battle. As the radio and other command and control
technologies were introduced, the swarming of widely dispersed units
became possible. U-boats and Spitfires used radios. The organization
of vapor swarms was either a network (Chechens, Somalis, Iraqgis, Boers, 3
Indians) or a hybrid of network and hierarchies (British €2 in Battle of
Britain, U-Boat High command in Battle of Atlantic).

According to Arquilla and Ronfeldt,? networks come in three basic
topologies:

e Chain - also called a line network where information moves
along a line of separated contacts and end-to-end
communication must travel through the intermediate nodes.

e Hub - also called star network where a set of nodes are tied
to a central node and must go through that node to
communicate with each other.

e All-channel - or full-matrix network where every node is
connected to every other node.®

Vapor swarms usually consist of multiple hub networks, essentially
a force consisting of small squads of men each tied to squad leader, who
operate semi-autonomously and coordinate loosely with other squads or
small groups. Various hub leaders coordinate with other hub leaders

3 Boers fought as a cloud swarm at Majuba Hill but operationally
during the war one can safely argue they were more like a vapor.

4 John Arguilla and David Ronfeldt, Networks and Netwars, Santa
Monica, CA: RAND, MR-1382-0SD, 2001, pp. 7-8.

5 There is an alternative view to network topology where the three
basic types of networks are described as centralized, decentralized, and
distributed. A centralized network is routed through a single point
like a star which is basically the same as the hub. A decentralized
network is a series of centralized networks linked together by the hubs.
A distributed network looks like a lattice. These three alternatives
were developed by RAND analyst Paul Baran. See the introduction of his
series of reports, On Distributed Communications, RAND Memorandum RM-
3420-PR, Santa Monica, CA: RAND, 1964 (also posted o